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SAND CASTING DESIGN 





‘Phew are ALCOA Aluminum casting alloys 
with tensile strength of 45-50,000 pounds per 
square inch—with high percentage of elonga- 
tion—with desirable properties at elevated 





temperatures — with a high degree of ductility 
—with a dense grain structure for intricate 
pressure type castings—with outstanding re- 
sistance to corrosion —with excellent thermal 
or electrical conductivity. Combinations of these 
properties are readily obtainable. Skill in selec- 
tion and preparation of alloys is essential. Heat 
treating requires thorough experience and well 
developed equipment to obtain uniform and 
high physical properties. 


The ease of machining and finishing combined 





[minum Alloy 






Ornamental Bench Legs—show- Aircraft engines require light weight, 


ing how the adaptability of 
ALCOA Aluminum Sand Cast- 
ing Alloys to ornamental casting 
work makes possible the repro- 
duction of finest details. 


~ strong castings. This ALCOA Alloy 
cylinder head provides necessary 


1 
strensth at elevated temperatures 


and thermal characteristics essenti 


to engine efficiency. 


with unique savings in weight make ALCOA 
Aluminum Alloys exceptionally suited to the 
designing of higher-quality, more economical 
castings. Our engineers have valuable, new data 
on castings and casting alloys. They will be 
glad to make this available to you and to assist 
you in any way possible. Write for our booklet 
“ALCOA Aluminum and Its Alloys.’ Address 
ALUMINUM COMPANY of AMERICA; 
Building, PITTSBURGH, PENNSYLVANIA. 


1893 Gulf 





Diesel engine upper-half crank case and cylinder 
ao block. An ALCOA Alloy used because of its 
weight saving and strength when heat treated 
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IN THIS ISSUE 


Product Design—In our lead article 
we survey the progress in automotive 
design that has culminated in the 1934 
models. This is not a description of 
the various models, but a recounting 
of the developments that have taken 
place in the design of the various me- 
chanical elements that comprise the 

odern car, 

lwo examples of the application of 
lastics and one example of the strik- 
ng product improvement through the 


ise of die-castings are given in this 
onth’s “Case Histories.” 

Mechanical Design—Fittingly fol- 
ving the article on mechanical 


rsus hydraulic feeds, this month we 

gin an article by James A. Hall on 
design of gear trains for multiple- 
ed transmissions. 

last in- 


()n gear design, we give the 


ent of the article by C. H. Grill 
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A. 


on worm gears. ‘This issue 
pletes the series by H. M. 
on designing with 


also com- 
Richardson 
laminated plastics. 

Unit Parts—The article on anti-fric- 
tion bearing mountings for medium and 
heavy-duty spindles is also completed 
in this issue, wherein we also give the 
second of two installments of typical 
designs of gibs and guides 
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In line with the rapid developments 
that are taking place in light-weight 
construction, we shall present next 
month an account of the latest de- 
velopments in the application of photo- 
elasticity for the study of 
tribution, particularly 
stress. This will be 
article illustrating 
actually be 


stress dis- 

concentrated 
followed by an 
how parts may 


strengthened by the _ re- 


moval of metal, as revealed by photo- 
elastic studies. 
Because of the undoubted effect it 


will have, we shall devote considerable 
space in the April number of an ac- 
count of the developments in 


design as evidenced by the 


product 
forthcoming 


exposition sponsored by The Alliance 
of Art and Indust 
Other coming articles will include 
hydraulics, critical speeds, station 
clutches and die-castings 
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“Only Fair” 
Propuct [I-NGINEERING 
NEW YORK 


the 
lair 


series on “Hydraulics” was 
as] expected a great deal more. 
It seemed to me that the writer surrounded 
himself with entirely too much 
In an effort not to commit 
tain fundamentals \ series of 
I thought, should always be 
with varieties of 
utilized in the field 

I hope that you will take this criticism 
in the right light 


only 


vagueness 
himself on cer 
this kind, 
followed up 


circuits and equipment 


WaLter M. POHL, 
Assistant Chief Engineer, 
Kearney & Trecker Corporation 


I. certainly do take this “in the 
WY us light,” because it gives us a 
chance to say to other readers who may 
have shared Mr. Pohl’s opinion that the 


articles he mentions were intended only 
as an introduction to more specific ones. 


The later articles will get right down 
to cases, some on hydraulic drives, 
thers on mechanical drives. 

Not Confidential 
Propuct ENGINEERING 


NEW YORK 


lam a reader of your magazine and have 
found many educational features in it which 
have helped me in my work. 

I noticed your offer of a copy of a “Re 
port on Current Activity in Product De 
velopment” in the magazine Business Week, 
to manufacturers. While I am not a manu- 
facturer I am a mechanical draftsman and 
designer and such a report would be of 
interest to me. 

If you would do me the favor of sending 
a copy of your report I would appreciate 
it very much and would keep any informa- 
tion contained therein confidential. 

GeEorGE C. CONNOLLY 


Hike survey mentioned is based on 
the November, 1933, number of 
Product Engineering, but it does ar- 
range the information in a_ different 
way. There is nothing confidential 


about it, and we shall be glad to send it 
to any reader who thinks it might be 
useful to him. 


z. C. P. D. 
Propuct ENGINEERING 
NEW YORK 
Being intensely interested in the profes- 
sional development of the practising engi- 
neer, I have read the report of the En- 
gineer’s Council for Professional Develop- 


\. Intimate Correspondence 


as reported in the November, 1933, 
Product Engimeering as well as 
your editorial in the December, 1933, issue. 

You are to be congratulated for the sym- 
pathetic stand you have taken with regard 
to this all important subject to the engi- 
neer. Allow me to warmly thank you for 
myself and my colleagues. 

Will you kindly send me the address of 
the secretary of the E.C.P.D. so that I 
nay obtain further details and offer my 
1umble services to this organization? 


issue of 


| 
C. A. KOERNER, 

Triangle Engineering Service 

Propucr IE NGINEERING 


NEW YORK 


Kindly send me the address and other 
information in regards to E.C.P.D. about 
which a discussion was given on the first 


editorial December. 


EVERETT W. CoFFIN 


page f Tr 


HE permanent secretary of the En- 
gineers’ Committee for Professional 


Development is C. E. Davies, who is 
also executive secretary of A.S.M.E. 
His address is 29 W. 39th St., New 


York City. This committee is off to a 
good start and promises to do much for 
We shall 


its activities carefully and report 


the engineering profession. 
follow 


them. 
Reads P. 2 


Propuct ENGINEERING 


NEW YORK 


The writer is a recent graduate of the 
University of Cincinnati. I have been a 
subscriber to Product Engineering since 
its introduction. 

Your comment on Mr. Martin's letter 


in the December issue has prompted this 
writing. 

While a student and since graduation, 
not knowing into which field of mechanical 
engineering I would eventually enter, I 
have not clipped your magazine for fear I 
would cast out that which would be very 
valuable to me later. I have now on file 
every issue with one or two exceptions 
which, unfortunately, have been lost. 

You are always open to suggestions so 
I wish to make one which I feel will bene- 
fit every person who keeps the entire maga- 
zine on file. I would suggest you include 
in each issue a second table of contents 
with a small space for notes to be made 
against that particular issue. These extra 
sheets could be kept as ready reference 
for new problems. I find that this saves 
much time when an emergency arises for 
which Product Engineering 
helping hint. 

Your periodical advocates that in modern 
times a better product at lower production 
costs is the goal at which modern product 
engineers should aim. I have often won- 
dered why, since you advocate means to 


has a good 





better products, Industrial X-Rays are 
never mentioned. 

While in school I wrote a thesis on that 
subject and studied it intensively for a year. 
On receipt of each of your issues I scru- 
tinized it carefully for some article on X- 
rays in industry. I am sorry to for 
once you failed me. However, as a whole 
you still hold my attention. 
~ Still approving your ideas of convenience, 
do you still print in book form the Refer- 
Book Sheets? I have the first book 
and have found it very helpful. 

Hoping you will accept this as friendly 
comment, I am 


say 


ence 


A faithful reader, 


J. S. HebGer 


ENERALLY speaking, we have 

felt that the X-ray is a production 
tool rather than a concern of the engi- 
neering department—hence the lack of 
information on its use. As for the con- 
tents page with blank space for notes, 
that is a new idea. How does it appeal 
to other ? Mr. Hedger’s sug- 
gestions were stimulated by an invita- 
tion printed on this page of an earlier 
issue. The invitation is a standing one 
and we hope more readers will take ad- 
vantage of it. 


readers: 


May we say here that wherever a 
reader has something to contribute to 
this page we shall be glad to publish it 
over his initials if he prefers not to have 
his name used. 

Lubrication 
Propuct ENGINEERING 
NEW YORK 

I have been a subscriber to your maga 
zine since it started and them 
as reference many times. I have just been 
reviewing the several articles on brakes by 
Rasmussen. 

I would like to see some articles on 
grease-lubricated brass and babbitt bear 
ings, for high and low speed _ bearings- 
maximum sate 


have used 


pressures to maintain a 
grease film, the best type of grooving for 
grease, etc. 

Another item on which very little in 


formation is available is the various types 


of oil slingers, speeds (peripheral) that 
will satisfactorily throw oil, the proper 


viscosity of oil to use, and the diameter ot 
the slinger as compared to the shaft 
diameter. 
I hope I can see articles on these two 
subjects in the near future. 
L. R. Russe! 


HANKS to Mr. Russell we know 
what at least one reader wants 
the way of articles and we shall set 


about meeting his wishes. Let’s hea: 


your wishes, too. 
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They Shot a Forward Pass 
That Thrilled the Spectators 


N REPLY to our compliment on the design of 

his new cars, Walter P. Chrysler said, “Yes, 
the boys made a fine job of designing our 1934 
models,” to which we rejoined, “But they couldn't 
have done it if the ‘old man’ had not been behind 
them.” Thus briefly is summarized the situation 
that brought about the sweeping changes that have 
taken place in the design of automobiles. But of 
greater importance to product engineers, it reveals 
a highly significant change in the attitude of lead- 
ing automobile manufacturers toward radical de- 
sign changes and it also intimates an entirely new 
status for the automobile engineer relative to his 
company management concerning questions about 
new designs. 


Prior to the depression pioneering in automo- 
bile designs was confined largely to the smaller 
manufacturers, who usually went bankrupt only 
to have their meritorious design developments 
later adopted by larger companies and marketed 
successfully. But now, for the first time, basically 
new features in automotive design are being pio 
neered by large companies. As long as automo- 
bile sales were steady or increasing, there was 
nothing to be gained by sweeping changes in de- 
sign. In spite of ambitious and imaginative engi- 
neers chafing at the bit, management firmly ad- 
hered to the policy of line plunges for a few yards 
gain instead of risking a forward pass for a touch- 
down. 

But the depression altered this. No amount of 
advertising, salesmanship or price-cutting was able 
to change prospects into new-car owners. Finally, 
so it seems, the automobile industry, big companies 
and little companies, turned to their chief engi- 
neers to put across something new that would 
arouse an apathetic public—startling designs that 
would thrill people, put the old cars to shame and 


stir the passion of pride of ownership into buying 
a new car. The chief engineers were allowed to 
give the signals. Judging by the new models they 
cailed for a long forward pass and the ball was 
given a tremendous heave ‘by some of them. 

Never in the history of the industry have there 
been so many new and fundamentally different 
design features adopted in a single year. And 
there is no question that the crowds have been 
thrilled. But the play has not yet been completed 
and it remains to be seen if these new creations 
are going to go across. Will engineering skill and 
daring succeed where conservative management 
failed: Will the automobile sales records of the 
coming year justify the confidence and authority 
that has been imposed in these engineers 7 Will 
the long forward pass be completed for a touch 
down? 

Sales managers and executives of automobile 
companies are enthusiastic over the display of 
public interest in the 1934 models. Attendance 
records at the New York National Automobile 
Show were seventy-seven per cent in excess of last 
year. An unexpected large number of orders were 
booked at the show. Dealers are looking to “‘an 
automobile year.” Production schedules are being 
boosted, everybody is optimistic. 

Whatever may be the outcome, all designing 
engineers will be greatly affected. The results of 
this daring play will influence management 1n all 
lines of product manufacturing If the expectel 
results are attained, it will be a great step toward 
the abolition of ultra conservatism in product de 
velopment programs. This will necessarily compel 
the attachment of a greater value to engineering 
accomplishment and a higher regard for engi 
neers. If this long forward pass makes a touch- 
down, there will be lots of cheering all around. 











The Engineering 
Behind the 1934 Models 


Based on interviews with chief engineers of automobile manu- 


facturers and on a study of the models displayed at the shows 


N THI maze of developments that feature the 1934 

models, the results of the tremendous engineering 
effort that has been put into automobile designs, espe 
cially during the last five years, are visualized. The 
importance of this development is not so much a matter 
of the changes that have taken place, but lies in the sig- 
nificance of the trends that these new engineering fea- 
tures make evident. The automobile has served many 
times as the proving ground for engineering construc- 
tions and materials that later were adopted to meet 
similar requirements in the design of other products. 
It is therefore reasonabie to suppose that engineering 
features and design trends that characterize the 1934 
automobile models will in the near future be reflected 
in any other fields. 

Interviews with chief engineers of the leading auto- 
mobile manufacturers naturally revealed that their 
design aims in the development of the 1934 models 
were all fundamentally the same. These aims can al: 
be summarized under three general heads, namely, maxi- 
mum riding comfort, trouble-free operation, and_ fine 
appearance. Thus, regardless of what the detailed pur- 
pose of any given design or specification may be, it will 
always be reflected in improvement under one of these 
general heads. 

Considering the automobile as a unit, streamlining, 











Generator capacity hag been in- 
creased as much as 50 per cent by 
adding forced ventilation. As shown 
in this diagram of the Auburn gen- 
erator, the direction of the air flow 
is reversed before entering the gen- 
erator, thus tending to eliminate 
dust and moisture by the reverse 
flow action. Also, electrical char- 
acteristics of many generators have 
been changed to meet higher 
normal driving speeds 


because it is reflected in the appearance of the car, has 
undoubtedly made the greatest impression, favorable or 
otherwise. But the most striking feature of body con- 
struction to be found in the 1934 models is the elimina 
tion of the chassis. Although railroad and trolley cars 
have long been designed so that the body acted as a 
girder and carried a considerable portion of the load 
that would otherwise be imposed upon the underframe, 
in the 1934 DeSoto and Chrysler cars the body carries 
all of the load without the aid of an underframe or 
chassis. It is true that a small auxiliary chassis is used 
for the engine mounting, but this is solely for the pur- 
pose of simplifying the assembly of the car. 

Various chief engineers of automobile manufacturers 
disclose widely divergent opinions concerning the future 
trend in streamlining. In the opinion of the assistant 
chief engineer of one of the manufacturers of high- 
priced cars, streamlining is primarily for the purpose of 
improving appearance rather than decreasing air resist- 
ance. Therefore, in his opinion, streamlining should 
not be carried to the point where it might detract from 
the appearance of the car. On the other hand, in the 
opinion of the chief engineer of the leading exponent of 
streamlining, the ultra-streamlined car has a_ pleasing 
appearance and is only unattractive to the extent that 
the observer has not been in the habit of seeing fully 
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streamlined bodies. And, in his opinion, because we are 
living in an age wherein time-saving through increased 
speed is considered of prime importance, any design 
development that caters to this demand is bound to 
meet public approval. 

Regardless of its aesthetic and commercial value as 
applied to an automobile, there is no doubt that the 
ultra-streamlining found in some of the 1934 models 
will help to serve as a guide, to some degree at least, 
in the development of the forthcoming vehicles for 
high-speed rail transportation. 

In the engine and associated machinery of the 1934 
cars, designing engineers in all fields will find develop- 
ments that are bound to be reflected in other fields of 
design. Here one sees the results of the continuous 
study, experimenting and developing carried on by the 
keenest engineering minds of this country on the prob 
lems of noise elimination, prevention of vibration, auto- 
matic control and operation, compaet design and the 
elimination of the necessity for periodic attention to 
adjustments and lubrication. In no other field of engi- 
neering design are the requirements more numerous or 





gas temperatures which tend to pit and erode the ex 
haust valves and their seats. This last was partially 
met by the use of tungsten-steel valve seat inserts, but 
in order to keep down the temperature of the valves, 
improved cooling of the exhaust passages and ports is 
required. In addition to improved water jacketing, the 
aluminum cylinder head was adopted by some engi- 
neers. At least four manufacturers now use aluminum- 
alloy cylinder heads; two other manufacturers offer 
them as optional equipment. Originally used only on 
the highest-priced cars, but now found in the medium 
priced class cars as well, it seems to indicate that 
aluminum alloy cylinder heads with a higher rate of 
heat conduction will be adopted by many more manu- 
facturers in the near future. A further increase in 
compression ratios and a public educated to demand the 
aluminum cylinder head will undoubtedly be important 
factors in hastening its general adoption 

Of recent years, in order to obtain a better wearing 
surface between the piston and the cylinder block, the 
tinned cast-iron piston has come into use. The tinned 
surface has a lower coefficient of friction and because 


Driven at 5.75 times crankshaft 

speed, the supercharger gives the 

Graham eight-cylinder motor 42 per 
cent more power 


Attached to frame side-members, two 
rubber-bushed links support the front 
end of the Graham six-cylinder motor 
and prevent motor vibration from 
reaching the frame 











more exacting. And in the automobile of today we see 
the highest degree of perfection toward meeting these 
requirements. 
lirst introduced about five years ago, the alloy cast- 
on cylinder block has rapidly come into general use. 
Nickel and chromium are used for the alloying elements, 
e nickel content running as high as 0.15 per cent, 
th chromium up to 0.30 per cent. The general adopt- 
n of alloy cast iron for the cylinder block has per- 
ps been largely brought about by the necessity to avoid 
possible increased wear resulting from the higher 
rine speeds now in use. 
With reference to cylinder heads, higher compression 
s have made necessary better cooling to prevent 
ignition. There is also the problem of high exhaust- 
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of its softness it tends to fill up any surface irregular- 
ities. But it does not help to solve the problem of 
increased vibration brought about by the increasing 
engine speeds. It was undoubtedly this factor that is 
bringing about such a widespread adoption of the 
aluminum alloy piston. More than two-thirds of the 
1934 models have aluminum pistons. In addition to the 
invar strut type, a T-slot design of piston construction 
is finding favor. Another development in piston design 
is the application of the anodic treatment (Alumilite) 
which not only gives a hard wear-resisting surface, but 
is said to also give a surface that improves the lubri- 
cation, the coating absorbing the lubricant, thus giving 
a lower coefficient of friction. 

Superchargers, this year found on two cars, also 
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brought in a vibration problem in the design of the 
impellers since high rotative speeds are involved, maxi- 
mum speeds being even in excess of 20,000 r.p.m. As 
it becomes considerably easier to obtain the necessary 
degree of perfection in static and dynamic balance with 
a lighter material, aluminum alloys are used for the 
supercharger impellers. Since the supercharger is 
placed between the carburetor and the intake manifold 
and handles the hot fuel mixture, the casing is an 
aluminum casting cored for water cooling. Here again 
we see the results of an increased value being placed 
upon the heat-conducting properties of this material, 
in addition to its lightness and corrosion resistance. 
For a number of years there has been much thought 
given to the possibility of cast iron for crankshafts. 
This year, for the first time in automobile history we 


this last method and in the accompanying illustration 
is shown this type of generator design applied to an 
Auburn car. This forced ventilation saved the space 
that would otherwise have been occupied by a 50 per 
cent larger generator. 

Primarily for the purpose of eliminating personal 
attention required in driving a car, automatic control 
and operation is becoming a greater feature each year. 
As an example, thermostatic elements are finding a 
wider application. The Monel-Invar type of bimetal 
is in general use for the thermostats for automatic 
control of the choke which comes into play when start- 
ing the car, and the automatic control of the tempera- 
ture of the mixture in the carburetor after the engine 
has been warmed up. For controlling the temperature 
of the circulating cooling water, a bellows type thermo- 





Increased torsional and _— shearing 

strength is given to Studebaker frames 

by the two-piece box section in the 
frame side members 











find the cast-iron crankshaft in commercial use on Ford 
cars. It is reported that several hundred of these cars, 
with special cylinder head nuts to identify them, have 
been sold in the market for test service. Along with 
this, cast-iron chill-cast camshafts are now coming into 
more general use. These castings are made close to 
finished size, the camshaft being given only a light 
grinding operation, thus preserving the hard chill sur- 
face. The material being used for camshafts by one 
manufacturer is an electric-furnace cast alloy of high 
carbon content with 1 to 2 per cent nickel, as well as 
chromium and molybdenum for alloying elements. It 
is said that this alloy has an elastic limit equal to that 
of forged steel, and has a tough matrix in which are 
imbedded hard wear-resisting particles and _ free 
graphite. 

With the increasing number of electric lamps used 
in automobiles, with the starter taking more current 
because of higher engine compression, and the use of 
car heaters and radios by many car owners, increased 
generator capacity has been urgently needed. Increased 
capacity is a question of either increasing the size of 
the generator to take care of the greater load, or improv- 
ing its cooling. Packard was among the first to adopt 








Frame members are carried over the windows and doors in 
the streamlined Air Flow DeSoto. Space under the sloping 
rear deck is used for a luggage compartment 


stat is universally used. On the Chrysler line of cars 
the bellows thermostat is arranged so that when the 
cooling water temperature is below the driving range, 
the water from the cylinder jacket bi-passes the radi- 
ator. As the engine warms up the bellows operates a 
valve that permits circulation of an increasing portion 
of the water through the radiator until at normal oper- 
ating temperature all of the water passes through the 
radiator. 

Further in line with automatic operation, more cars 
are now equipped for full-automatic starting under con- 
trol of a switch on the dash, this arrangement made 
possible through the development of an electric solenoid 
which throws the starting motor pinion into engage- 
ment and starts the starting motor. In the Buick car 
the solenoid circuit is closed by pressing the accelerator 
pedal ; in the Nash car the solenoid switch is controlled 
by the clutch pedal. This is a further development of 
the Startix system, first introduced a number of years 
ago. 

Automatic gear shifting is featured on the Reo car. 
Irrespective of whether or not this automatic trans- 
mission will be universally adopted, it points to the 
fact that the ultimate in automobile transmissions will be 
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a design requiring no gear shifting. Leading automo- 
tive engineers are already publicly prophesying that 
within the next year or two the necessity for shifting 
gears will be eliminated in many cars, and that the 
automobile transmission will provide an infinite number 
of speed ratios. It would be impossible to design such 
a gear drive based on the present principles of mechani- 
cal transmission, so that either a hydraulic or an electric 
type of transmission will undoubtedly be developed. 
\n investigation indicates that much work is being done 
in the various laboratories and experimental depart- 
ments of automobile manufacturers on the development 
of a hydraulic transmission. 

With reference to bearings, one of the striking de- 
velopments this year has been the tremendous increase 
in the use of ball bearings, roller bearings and “needle”’ 
hearings. This is particularly noticeable in the steering 
gears. Because of the use of larger tires and the greater 
steering effort required on the steering knuckles, it was 
necessary to eliminate friction in the steering gear as 
much as possible. At the same time the independent 
front wheel suspension eliminates the necessity of fric- 
tion in the steering gear to avoid wheel-fight. All cars 
with this tvpe of wheel suspension aim to have mini- 











In the new Packard a flexible oil tube lubricates 
the clutch throw-out bearing from the automatic 
chassis lubricating system 


um friction in the gearing linkage, leading to a general 
e of ball thrust bearings in the king pin and roller 
arings throughout the steering gear. 
l‘irst introduced about three years ago, “needle” bear- 
s in universal joints are now on practically all cars. 
almost every instance, the needle bearings are 
led-in with sufficient lubricant to last for the life of 
car. Other applications of “needle” bearings include 
rings for the counter-shaft and the rear end of the 
shaft in the transmission, and also for the clutch 
ise lever. Nearly all cars use straight roller bear- 
on the reverse idler shaft of the transmission. 
er since the General Electric Company in 1930 
luced the sealed-in compressor unit for domestic 
erators, there has been a distinct trend in all lines 
ducts to minimize, in so far as possible, the neces- 
or attention to lubrication. In the 1934 automobile 
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models we see this aim carried forward a long stride. 
lubricated bearings in spring shackles have been fur- 
ther eliminated by a more general use of the rubber 
shackle bearing. Leaf springs are inclosed in felt and 
covered with a steel jacket, enough lubrication being 
sealedl-in to last the life of the car. Chrysler has in- 
serted graphited bronze plates between the leaves of the 
rear spring. Similarly, in many of the cars the roller 
bearings and needle bearings are sealed having been 
first given sufficient grease to last the life of the car. 

In the design of springs, there have been some note- 
worthy strides. In the Hudson car, during the manu- 
facturing process the springs are compressed to their 
working height and subjected to a temperature somewhat 
above the maximum operating temperature to which they 
might be subjected, in order that there will be no change 
in the spring constant during its operating life. Hudson 
also cadmium plates the valve springs in order to avoid 
the possibility of corrosion or pitting which would 
greatly diminish the fatigue life of the spring. For the 
independent wheel suspensions the coil springs are made 
from rods that are centerless-ground to assure a smooth 
surface with no pits or seams where fatigue cracks 
might start. After centerless-grinding the springs are 
wound and then heat-treated in a reducing atmosphere 
to avoid scale. 

For noise elimination, practically all cars have the 
carburetors equipped with a sound filter which has one 
or more low-frequency resonant chambers and filters 
for high-frequency noises. Similarly, the mufflers are 
designed for resonance absorption, and the exhaust 
pipes are flexibly mounted to prevent the transmission 
of any vibrations in the exhaust pipe to the body of the 
car. 

More attention is being paid to body insulation against 
noise and heat. Nearly all cars have increased the thick- 
ness of jute, felt, kapok or celotex used for heat and 
sound insulation in the door and body panels. Much 
of the development in sound insulation in automobile 
design has been borrowed from airplane construction. 

Automobile designers are continuing the extended 
use of rubber, not only in engine supports, but in numer- 
ous other places. Chrysler uses a soft rubber for seal- 
ing the roof; Cadillac uses a rubberized fabric between 
the spring leaves for lubrication; Buick uses strong 
rubber bumpers to limit spring deflection in the inde- 
pendent wheel suspension; Nash uses rubber in its 
universal joints and practically all cars use rubber 
mountings for the exhaust pipes. Other applications 
include rubber mounted radiators, shock absorber cou- 
plings, steering joints and body insulation. 

Practically all cars use helical gears for all speeds 
in the transmission, primarily to reduce gear noises. 
Helical splines on the sliding shafts neutralize end 
thrust. 

Rust-proofing of the body sheets and fenders to 
secure an improved and more durable finish has become 
the general practice. 

Space does not permit detailing the numerous other 
improvements and refinements that are found in the 
1934 automobiles. Suffice to say that each one of them 
embodies the results of careful thought and investiga- 
tion, and viewing this inspiring engineering accomplish 
ment of the industry, one cannot fail to recognize the 
engineering leadership that has made the automotive 
industry a symbol of progress. 





DEVELOPMENTS 
PRODUCT 


> Planetary Milling Machine 


In the Hall Planetary milling ma 
chine shown in the accompanying 
photograph, a central lubricating 
system supplies two gallons of oil 
per minute to all the working parts 
of this six head machine. In addi 
tion, the oil is filtered both mechan 
ically and magnetically. The mech 
anical filter is of the disk type and 
rotates slowly to keep the openings 
of the filter free. The magnetic fil- 
ter is energized from a 110 volt 
d.c. supply, collecting the steel and 
iron particles that might wear oft 
bearing surfaces in the machine. 
According to P. Hall, president of 
the company, a surprising amount of 
metallic dust is picked up by the 
filter and taken out of the oil. 

This milling machine is built to a 
tolerance of 0.00025 in. on all con 
trolling measurements, and is built 
so accurately that any appreciable 
change in the temperature of the 
parts eliminates the working clear- 
ances, making it necessary to operate . 
the machine under controlled tem- Closer tolerances, the use of high-strength alloy steels, and a 
filtered lubricating system are design features of the Hall 

Planetary milling machine 





perature conditions. 
For covers and other parts carry 
ing no appreciable load aluminum 






alloys are used. Chrome vanadium, > Compact Speed Reducer veloped by the Curtiss Aeroplane 
— Bord gg yg cage hae Vaenisie Whack Propeller & Motor ¢ O. i shown in = wel 
, companying illustration, the three 
strength service, and wearing sur- Heliocentric speed reducer units propeller blades are pivoted on radial 
faces are hardened by a pack hard- are used in the new design of vari- bearings, and connected through 
ening process. able pitch airplane propellers de- bevel gears to a master bevel gear 
which is driven by a } hp. 12-volt 

reversible dc. electric motor 

Ra bearing— Flectrical slipring mounted in front of the propeller. 

} 4 ) Llectrical slip- It was necessary to get a speed 


Blade aeor— ring br 


reduction of 27,000 to 1 for the 


he s 
M. y Wright GR 1820 ; 
ios : F-3 ena neat drive between electric motor and thx 
MAA TOrGY : i Sectioned view of mo- inal blad . Kieeee Bheki 
S ; tor and drive for the SE a Sh € 
Curtiss variable pitch centric speed reducer, as shown 11 





propeller. A_ three- 
stage Heliocen tric : ; 
speed reducer (27,000 pose, the selection of this type 01 
to 1) increases the reducer being dictated by its great 
torque of the } hp. j 
motor to enable it to oo 
turn the blade lorque springs between the out 
put shaft of the reducer and th 

three movable blades cushion tl 


the illustration, is used for this pur 


compactness. 


back torque occasioned by the mov: 
ment of the propeller in driving the 
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plane. The pilot controls the pitch 

f the propeller electrically, the 

mall driving motor being contacted 

through slip ring brushes just back 
the blade hub assembly. 


> Sleeve-Valve Compressor 


\ new  sleeve-valve design of 
mpressor has recently been put on 
the market by the Mercer Engineer- 
Works. As shown in the ac- 
companying illustration, the valve 
member is a_ single reciprocating 
sleeve. It is sealed by piston rings 
and operated by an eccentric on the 
crankshaft. 

One of the features of this con- 
struction is that a much greater 
valve port area is obtainable than is 
possible in a plate valve compressor. 
\s a clearance volume of only 2 per 
cent is required with this type of de- 


sign, the volumetric efficiency should 
be relatively high. 

_ In its operation, when the piston 
is about half-way up on the com- 
‘sion stroke, the top of the sleeve 
opens a port formed by a special 


type ot sealing ring. This puts the 
\ jacketed discharge space into 
conimunication with the cvlinder. 
O i 


e suction stroke, ports in the 
line up with slots in the cylin- 
it is claimed that the inlet area 
tained is much larger than is 
in a plate-valve compressor. 
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> Automatic Lathe 
Electrically Controlled 


Using standard relays, contacto1 
switches and magnetic clutches, the 
new Monarch Magna-Matic lathe 
shown 1n the accompanying illustra 
tions is under complete automatic 
electrical control. After setting up a 
job, the work cycle is automatically 
performed by pressing one button 
on the control panel. For the opera 
tion of the magnetic clutches and 
the various control circuits direct 
current is supplied by a_ 12-volt 
motor-generator unit built into the 
machine. 

In setting up the work cycle, the 
front carriage and both tool slides 
are positioned electrically by operat 
ing the feed control buttons in the 
jog position, setting limit switches so 
that they operate when the desired 
dimension is obtained. Separate con 
trols are provided for both the motor 





Automatic electric con- 

trol on the Magna- 

Matic lathe makes it 

possible to start and 

complete the work 

cycle by pressing one 
button 


Except for the START 
CYCLE button all 
other controls on the 
panel are for use in 
setting up the job 


and the magnetic clutch that drives 
the spindle. In addition, the control 
circuits are so arranged that at any 
time during the work cycle the tool 
slide and front carriage can be re 
turned to the starting position by 
pressing the reverse button 

To prevent tool slides or carriage 
from going past the stop and feed 
ing into the head stock or tail stock, 





-Non-return 
valve 


Air outlet- 





Cross-section of the sleeve-valve 
air compressor showing the valve 
operation 


the limit switches, normally closed, 
are in the control circuits of the 
magnetic clutches driving the car 
riage and tool slides. When the 
micrometer stop dogs open these 
switches at the end of the travel, the 
magnetic clutches are released, stop 
ping the feed. 

The front driven 
through a magnetic clutch by a 4 hp. 
d.c. variable speed motor mounted 
on top of the front gear box. Four 
rheostats wired into the control 


carriage 1s 
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Preloaded bearings on the spindle and a V-belt drive contribute to 
reduction of vibration in the tool-grinding wheel in the modernized 
Sellers tool grinder 


panel can be adjusted independently 
to provide automatically the proper 
feed for machining as many as four 
different diameters on the work. As 
each successive diameter 1s machined 
the feed is automatically changed to 
the predetermined rate. 

To speed up the loading and un- 
loading operation, a small friction 
clutch built into the head stock stops 
the spindle when its magnetic clutch 
is disengaged. 

lLess wear and warpage is said to 
result from the use of a_nickel- 
chromium alloy cast iron for the 
lathe bed. In using this alloy, hard- 
ness and wear resistance in the ways 
is obtained by strengthening and 
hardening the matrix by alloy addi- 
tions, rather than by chilling in the 
mold. 


P Stainless Steel Drums 


\fter extensive tests and re 
search, the Coca Cola Co. has placed 
an order for 1000 stainless steel 
drums of 55 gal. capacity to be made 
of 18-8 chrome-nickel steel. The 
new drums are resistance welded, a 


low carbon steel being specified to 
avoid any possibility of corrosive 
action at or adjacent to the welds. 
All fittings and flanges on the drums 
will also be of stainless steel, arc 
welded. 


> Preloaded Bearing 
for Rigidity 


When grinding cutting tools 
tipped with cemented tungsten car- 
bide, vibration or lost motion in the 
abrasive wheel will knock chips from 
the edge of the tool being ground. 
For this reason, preloaded ball bear- 
ings are used for the spindle in the 
modernized Sellers tool grinder 
shown in the accompanying illustra- 
tion. Further improvement — in 
eliminating vibration is obtained 
from the use of a V-belt drive with 
the pulley located close to the bear- 
ings instead of an overhung pulley 
driven by a flat belt. 

In the previous model, the axial 
motion of the wheel was obtained 
from an unprotected cam which 
moved the spindle back and forth in 
its own bearings. With the new 


spindle design axial motion is ob 
tained from an inclosed cam which 
oscillates a large bronze sleeve i 
which the spindle and bearing as 
sembly is mounted. 

For convenience, the new machine 
is designed to occupy less floor 
space, and the motor is mounted o1 
the side of the machine with more 
accessible belt tension adjustment 
To facilitate changing wheels, the 
guard is so designed that it can be 
removed after loosening one knurle: 
nut. 


> Improved Finishes 


Indicative of the importance that 
is attached to durable finishes, the 
Lunkenheimer Company recently put 
on the market a new line of “King- 
clip” gate valves for steam, oil, gas, 
air, water and gasoline lines. One 
of the features of this new line of 
valves is that they are Parkerized to 
give a better and more durable finish 
than is ordinarily applied to prod- 
ucts of this kind. 

The Moto Meter Gauge & Equip- 
ment Corporation now use Bonder- 
ite as a base for the enamel. Among 
other reasons for using this under- 
coating, they state: “In using this 
process we are able to lower our ré 
jections in the enameling depart- 
ment. This is mainly due to the fact 
that the enamel covers this coating 
smoothly and with no tendency to 
chip or flake, and also, all of the 
work has a fine uniform satin 
finish.” 

The above also explains the al- 
most universal use of rust-proofing 
processes applied to not only the 
fenders of automobiles, but the body 
sheets as well. 


> New Refrigeration 
Com pressors 


Tapered roller bearings are used 
for the main bearings and a straight 
roller type bearing for the outboard 
hearing of the improved series of 
two-cylinder vertical compressors 
for ammonia and Freon service <e- 
Worthington Pump & 
Machinery Corp. The sleeve-typ 


signed by 


connecting rod bearings in the lat 
units are pressure lubricated thro 
rifle-drilled shaft and connect ug 
rods, the oil passing through a 
tary type disk filter located on 
discharge side of a gear type | 
cating oil pump 
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Gear Trains 
for 
Changeable Speed Ratios 


An analysis of the problem of determining the numbers of teeth 


used in the gears of a speed-change transmission for obtaining 


the desired speed progression 


JAMES A. HALL 


Professor of Mechanical Engineering, Brown University 
Consulting Engineer, Brown & Sharpe Manufacturing Company 


HEN the changes in the feeds or speeds of 

machine tools are taken care of by gears, the suc- 
cessive values of speeds are generally in geometric 
progression. Each upward step in speed represents the 
same percentage increase over the preceding speed. In 
the cutting of metals this is a desirable arrangement. 
Furthermore it is much easier to design a multi-speed 
gear box to give such a progression than to design one 
for a numerically uniform increase in speed for each 
step. 

However, as will be set forth here the different 
irrangements of shafts and gears possible and the 
problem of calculating the numbers of teeth in the dif- 
terent gears becomes involved unless a definite pro 
cedure for making them is established. A method of 
procedure for such calculation will also be given. 

Progression factor is the name given to the percent- 
age increase in speed per step. Thus, if this factor is 
-U per cent, each speed is this percentage greater than 
the next lower speed. The multiplier k of the geometric 
progression is one plus the progression factor and is 
written as a decimal (1.20 in the above case). If the 
lirst speed is N, and there are » number of steps in 
the series, the successive speeds of the series then 
become: 


N; kN: kN: BN... . RON 


‘here is no generally accepted standard for the 
ression factor. Carl Barth suggested using 18.3 
cent, which seemed to him as low as it was desirable 
The advantage of this multiplier is that when 
raised to the fourth power it equals two, thus 
ing the speed every four steps. Barth also sug- 

1 1.26, which when cubed equals two. In practice 
are generally limits of speed or feed which are 
red by the users of the machine, and the number 
eps is chosen for construction reasons. For 


example, 4 in. to 20 in. per min. has been a common 


range of feeds for a milling-machine table. As six 
teen steps are readily secured in a sliding-gear speed 
mechanism, this value is frequently chosen for the num- 
ber of feeds. 

If the minimum speed or feed N, the maximum feed 
N, and the number of steps 7 are known, the multiplier 
k is given by the equation: 


om 
N 


1 
VS 
In the illustration given in the preceding paragraph: 


[20° . 


—° 


Thus each rate of feed is 28 per cent greater than 
that of the next slower feed. 

The simplest method of securing a series of speeds 
is by “pick-off” gears, and if a rigid drive is desired 
these should be placed on fixed centers without the 
use of adjustable idlers. Fig. 1 shows such an arrange 
ment, where a series of speeds on shaft B are secured 
by changing the gears connecting it with the constant- 
speed shaft A. Each pair of gears can be used to give 
two steps in speed and still have the whole series in 
geometric progression provided the r.p.m., Ne of the 
constant-speed shaft is a mean proportion between the 
limiting values N and N,, on the mating shaft, as given 
by the equation: 





Ratios for the different pairs of gears for a sixteen- 
speed series are given in Table I. The r.p.m. of the 
constant speed shaft will be k*°N and eight pairs 
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TABLE I 
Gear Pairs for Geometric Progression 
of Speed Ratio 








Single reduction 16-speed series with gears on 

fixed centers, limiting speeds 20 and 500 r.p.m., 

k 1.239, and constant speed shaft velocity is 
100 r.p.m. 



































Gear Gears Speeds —r.p.m. 

Speed | R.P.M.| Ratio | Ratio 7 “ 
No. B/A Desired A B Desired Actual 
l N k7.5 5.000 20 100 20.0 20.0 
2 kN k6.5 4.036 24 96 24.8 25.0 
3 k2N ks.5 3.250 28 92 30.8 30.5 
4 k3N kt-5 2.624 33 87 38.2 38.9 
5 kin k3.5 2.118 38 82 47.2 46.4 
6 k5N k2.8 1.710 44 76 58.5 58.0 
7 k*N ki. 1.380 50 70 72.5 71.3 
8 k7N k0.5 ee 57 63 90.0 90.5 
9 k8N k-0.5 1/4. 093 63 57 111.0 110.5 
10 k9N k7 1.6 1/1. 380 70 50 138.0 140.0 
i kN k-2-5 1/1.710 76 44 171.0 173.0 
12 kUN k-3.5 1/2.118 82 38 212.0 216.0 
13 k!2N k~4. 1/2.624 87 33 262.0 264.0 
14 k3N k~5.5 1/3.250 92 28 325.0 328.0 
15 kN k~6.5 1/4.036 96 24 404.0 400.0 
16 k15N k-7.5 1/5.000 100 20 500.0 500.0 














of gears having ratios of k** down to k®° will be re- 
quired to give the sixteen speeds. Where & is raised 
to a negative power, it is numerically equal to the 
reciprocal of the same positive power. Interchanging 
the driver and driven gear gives a new speed ratio 
which is numerically the reciprocal of the first one. 
Table 1 gives an example for a speed range of 20 
to 500 r.p.m., using a single reduction. The successive 
columns give the ratio desired, the gears chosen, the 
r.p.m. desired and the actual speed of the driven shaft. 
The differences between desired and actual speeds are 
accounted for by the fact that the sum of the pitch 


Variable 
speed 
shaft 





Fig. 1—For a large number of speed ratios a single 
reduction such as this requires too many gears 


radii must equal the center distance between the shafts 
and that there must be an integral number of teeth 
on each gear. In general, the sum of the numbers of 
teeth on the mating gears must be constant, although 
this is not necessarily true as it is frequently possible 
to have one or both gears hobbed for one more or 
one less than the standard number of teeth and still 
run them together satisfactorily. If an adjustable idler 
were used this difficulty would be eliminated and the 
design problem simplified. On the other hand the drive 
would not be as rigid and might cause trouble under 
exacting conditions of operation. 

Where a large number of speeds are designed as in 


the above illustration, the single reduction arrange- 
ment requires too many gears. Moreover, the rati 
may reach an excessive amount for driving up in speed 
and some of the gears may be quite large if the smallest 
pinion is cut with a satisfactory number of teeth. For 
instance, in the example just given it is hardly desir 
able to drive a shaft at 400 or 500 r.p.m. from one 
turning at 100, using spur gears. In addition, gears 
having 80 to 100 teeth are quite large. These objec 
tions may be remedied by using compound pick-ofi 
gears as shown in Fig. 2. The location of the inter 
mediate shaft may be adjustable, but under exacting 
conditions fixed centers are desirable for the sak 
of rigidity in the drive. 

Four pairs of gears, two for each reduction, cat 


Constant speed 
shaft _ Intermediate 


Variable speed 
A 
shatt 





Fig. 2—Compound pick-off gears can be arranged 
for a large number of speed ratios with relatively 
few gears 


be used to give 16 different speeds to the last shaft, 
while a total of six pairs will give 36 such steps. 
Two pairs on one reduction and three on the other 
will give 24 steps. In each case, of course, the con- 
stant-speed shaft must run at a mean proportional 
between the limiting speeds of the variable-speed shaft. 
Table II gives the gear ratios for a 16-speed series 


TABLE II 
Gear Pairs for Geometric Progression 
of Speed Ratio 








Double reduction 16-speed series with gears on 
fixed centers, limiting speeds 20 and 500 r.p.m., 




















k = 1.239 and constant speed shaft velocity is 
100 r.p.m. 
Speed|p p.M. Gear Ratios Ratios Gears Chosen Actual 
No. B/A | psc | B/A | psc | A /1 BIC] D {Ff-P-m™- 
, N | kus 1.380 38 | 53 19.8 
2 kN | kos re 43 | 48 24.8 
3 k2N | kos | Ke fy7y. 113] 3-62 | 4g | 43] 21] 76) 30.8 
4 k3N | k-15 1/1. 380 53 | 38 38.5 
5 kiN | kis 1.38 38 | 53 46.2 
6 kiN | kos : 1.113 _.-| 43 | 48 57.8 
7 k*N | k-05 | Ko fy7y.an3f 1-535) 4g | 43 | 38 | 597 72.0 
8 kiN | k-15 1/1.38 53 | 38 89.7 
9 ksN | kis 1.38 38 | 53 111.5 
10 k°N | kos ei: oe ee 139.0 
11 k1ON | k-0.5 2 fp7a 19gpt/l.535] ag | 43 | 59 | 38 1 17 0 
12 kuN | k-1s 1/1.38 53 | 38 216.5 
13 | kUN | kus 1.38 38 | 53 “260.0 
14 kN | kos 1.113 43 | 48 325.0 
15 kUN | kos | KS Jy71.143]'/3.62 | 4g | 43] 76] 21] 404.0 
16 kisN | k-1.5 1/1.38 53 | 38 505.0] 
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double reduction, the required speed range being the 
same as that given in Table I. 

The arrangement shown in Fig. 2 is the one com- 
monly used, but in this example the maximum drive-up 
is still rather large. Furthermore, if the size of the 
76-tooth gear could be reduced, smaller gears could 
he used on the other drive without worrying about 
interferences. Table III shows a modification in the 
order of changing gears which gives a much lower 
maximum ratio and makes possible smaller gears as 
far as numbers of teeth are concerned. The maxi- 
mum drive-up of 2.6 to one, and the limiting gear 
sizes of 52 and 20 teeth, make this a particularly 
good solution of the problem. The same method can 
be applied in designing a 24- or 36-speed drive. 

While pick-off gears give a simple and inexpensive 
method of securing a range of speeds, it is often desir- 
able to have all the mechanism built into the machine 
so that changes can be made by throwing levers instead 
of taking the time required to remove and replace a 
set of gears. Various schemes of tumbler gears have 
been used in the past, but it is now felt that the speed 
change mechanisms of high-duty machines should be 
equipped with gears sliding on spline shafts. 

In Fig. 3 is given such a scheme in outline form. 


<---Variable speed shaft 


) 


{2 
+ 
S 

<= 


[nterrnediiatre 


N 


WOERMICIUL 
speed 
shaft 





Fig. 3—Speed change mechanisms for high-duty 
machines should be equipped with gears sliding 
on spline shafts, in order to have rigidity 


Shaft 5 runs at constant velocity while shaft 7 has 
sixteen speeds in geometric progression. The inter- 
mediate shafts have two, four and eight speeds respec- 
tively. The gears are rigidly fastened on shafts 3 
ind 5 while those on shafts 2 and 4 are mounted in 
pairs on splines so that the gear can slide sidewise 
into engagement with one or the other of two gears on 
in adjacent shaft. One condition which must be 
bserved is: 


DF G kK J QO A 
>_ sr = I oL MP 


Here & is the multiplier of the geometric progres- 
on and the capital letters represent the numbers of 


teeth on the respective gears. There is no particular 
significance in the order in which these reductions 
occur, and the highest ratio, k*, might just as well have 
come between shafts J and 2 as between 4 and 5. As 
the only other condition which must be observed is 
that the sums of the pitch radii of pairs of gears con- 
necting any two shafts must be constant, there is a 
large range of both gear sizes and shaft speeds which 
can be used satisfactorily. 

In the design of Fig. 3 there are sixteen gears 
and five shafts are required. Furthermore, the gears 
connecting shafts 7 and 2 have to transmit the full 
power of the machine under an extremely wide range 


TABLE III 
Gear Pairs for Geometric Progression 
of Speed Ratio 





Double reduction 16-speed series—similar to that 
in Table Il but with modified order of ratios to 
permit use of smaller gears 





















































Spc od — Gear Ratios Ratios Gears Chosen etwas 
No. B/A D/C B/A D/C \ B C 1D | f-P-m. 
| N ké 2.624 20 | 52] 20.1 
2 kN k k3 1.903] 3° ]8] 23 | 44] 33 49 24.6 
3 keN |. ks 2.624 _| 20) 52] 31.2 
4 ksnN | k k 1.239 2 118] 39 | 37 | 23 | 49] 38.0 
5 k‘N ks 2.624 20 | 52) 47.5 
6 kN | k k3 1/1.2391 9° t7al 37 | 30 | 331 40 | 59/0 
7 k8N ks 2.624 20} 52) 73.5 
8 kN | &? Tk 1/1.903} 9° 478] 44 | 23 | 23] 491 90.0 
9 k8N k-: 1/2.118 49 | 23 | 111.4 
10 kN | k* k-4 1.903)1/2. 624] 23 | 441 52 | 20 | 136.0 
11 k10N k of 1/2. 118 49 | 23 | 173.0 
12 kun | k k-4.5 1. 2391172' 624] 30 | 37 | 52 | 20] 211.0 
13 k12N k-3 1/2.118] .- 49 | 23 | 263.0 
14 kun | k k-4.5 J1/1.2391177 624 37 | 30 | 521 20 | 321.0 
15 kiN k-3 1/2.118 49 | 23 | 407.0 
16 kuN | ke k-a.5 [1/1.9031)/2 624) 44 | 23 | 521 20 | 497.0 











of revolutions per minute, and it is necessary to design 
the tooth sizes for the force at the lowest speed. To 
correct for this the four gears having the maximum 
ratio are frequently mounted as back gears on the 
variable-speed shaft, leaving to the remainder of the 
train the duty of taking care of the higher half of 
the series of speeds. One shaft can be eliminated 
if the eight gears taking care of the reduction between 
shafts 3 and 7 are concentrated on shafts 7 and 2, 
four on each shaft. Another saving is made by having 
one gear which is fixed on a shaft mesh with a sliding 
gear on each of the adjoining shafts, thus reducing 
to eleven the total number of gears required for eight 
speeds. 

These savings raise the question whether eight speed 
changes can be taken care of by using three shafts and 
ten gears. Such a design, as will be shown later, is 
perfectly feasible. It will also be shown that the most 
economical arrangement for a sliding gear speed-change 
transmission to give nine progressive speed changes can 
be attained when nine gears are mounted on three 
shafts. It is also shown that much of the cut-and-try 
usually required in the calculation of the numbers of 
teeth can be eliminated. 


7, © 
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Case Histories 


In 


Product Design— VIII 


A’ ELECTRIC water-cooler, a band saw for the 
home shop, and a hand-bag watch, the designs of 
which have demonstrated their value by successful 
sales record, are described here. The water-cooler de- 
scribed illustrates the highly artistic effects that can be 
obtained economically through the use of a laminated 
plastic material inlaid with highly polished metal. The 
hand-bag watch shows an unusual application of molded 
plastics. The band saw demonstrates the possible sav- 
ings and improved appearance and construction that 
are sometimes attainable by the use of die-castings. 


Electric Water-Cooler for Offices 


Case History No. 22 


Designed by the engineering art department of the 
Westinghouse Electric & Manufacturing Company 
and manufactured by the same company, the electric 
water-cooler described here is the result of an aim to 
give a modernistic treatment to the appearance of 
the product. 


Design Aims—Electric water-coolers came on the mar- 
ket in various hybrid forms, none of which caught the 
public fancy. Apparently, Westinghouse engineers 
came to the conclusion that the main reason for this was 
that the appearance of these water-coolers did not 
harmonize with the interiors of offices and business 
establishments in which they were to be placed. Nor 
was their appearance such as to attract sales. They 
lacked the modernistic touch that is now so generally 
accepted as the ear-mark of a quality product. 

In the opinion of Westinghouse engineers, it is now 
thoroughly obvious that the so-called “modern” is im- 
pregnated in the consciousness or subconsciousness of 
the average purchaser. At least he accepts it without 
question in new products or inventions that are being 
given his consideration for the first time. Proceeding 
on this basis, Westinghouse decided to modernize the 
design of its water-cooler to conform to such modern- 
istic ideas. 


Design and Manufacture—The big problem for the 
engineering department was to achieve what was de- 
sired without appreciably increasing the cost of the 
product. Hence it was primarily a problem of select- 
ing materials that would lend themselves to the desired 
finishing treatment without involving expensive addi- 
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The combination of Micarta panels with in- 

laid polished metals and chromium-plated 

trim gives this Westinghouse electric water- 
cooler a rich appearance 


tional manufacturing processes. Also, both the mate- 
rials and the finishes would have to be of a character 
that would not deteriorate in service. 

Because the material can be given a rich dark polish 
without requiring additional shop operations, Micarta 
was selected for the cooler housing, the color and 
polished surface being attained in the manufacture of 
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the material. Micarta also has the additional advan- 
tages in that it is resistant to any corrosive agents that 
might come in contact with the cooler. The material 
is easy to keep clean and retains its polished surface 
indefinitely. It also lends itself to the insertion of 
polished metal inlays, thereby making it possible to 
procure economically attractive decorative designs. 

In the cooler as désigned, the color scheme is black 
and silver throughout. Standard fittings were used and 
the top of the cooler is black porcelain enamel, easy to 
keep clean and highly durable. Micarta is also used for 
the sub-base on which the cooler stands, the materia: 
not being readily scuffed when accidently kicked. 

Great care was taken to design this new model cooler 
so that the tool set-up from the previous models could 
he used, thereby eliminating the usual high re-tooling 
charges. The border, bracing bits and frame are made 
of angle steel of standard sizes and sheared as required. 
For finishing, these steel angles are chromium plated. 


Sales Success—Sales not only swiftly surpassed those 
of preceding models, but after being on the market for 
three months the sales reached the astonishing total of 
{0 per cent greater than the previous total sales of 
electric water-coolers for the whole country. 


Probable Reasons for Success—The paramount reason 
for the success of this product lies in its attractive 
design. Westinghouse solved its problem by meeting its 
public on a higher level than previous thinking had 
been willing to conceive. By judiciously designing the 
new product so that it could be sold at the old price, 
by evolving a product that was practical for production 
as well as attractive from the sales angle, the basic 
reasons for success were laid. 


Westclox Hand-Bag Watch 


Case History No. 23 


In the development of this design, the Western Clock 
Company, manufacturers of this product, consulted 
Industrial Design Inc. on the appearance phase, whili 
the mechanical design of the product is a develop- 
ment of their own engineering department. 


Design Aims—This product does not in any sense repre- 
sent a redesign effort. It is a distinctly new product 
and therefore does not offer any basis of comparison 





with previous models. The designers discovered that 
women were buying large, low-priced watches to carry 
in their hand bags. Such watches were easy to extract 
from the bag in spite of the maze of things that clutter 
the all-embracing feminine substitute for a pocket. 
Small watches are harder to find in the bag and also 
break easier. Furthermore, seepage of loose powder 
into the cases of the watches, results in damage to the 
mechanism. From this it was conceived that there 
would be a market for a watch that combined the ad- 
vantages of moderately large S1Ze, completely sealed 
case and distinctly feminine in its design appeal. 


Design and Manufacture—In the development of this 
hand-bag watch, the designers had their attention called 
to the ‘pancake’? compact by Elizabeth Arden which 
had been introduced a few years previously. Recogniz- 
ing the popularity of the size and shape of this “pan 
cake” compact, the designer decided to base their design 
as to size, shape and general appearance, on this com- 
pact. As the development progressed, it was found that 
it would be possible to attach a small easel to the watch, 
thereby making it usable as a clock to be placed on the 
dresser, bed table or desk. 

Bakelite was selected for the case, all the cases being 
black. A gold-plated winding stem was placed sym 
metrically in the top of the case. Differing from the 
conventional designs, the numerals are in white enamel 
on a gold-plated band that is a press fit on the case. 

A standard pocket Ben movement is used, the move- 
ment being in a special metal case designed so that there 
will be no possibility of powder seeping into the move- 
ment. The movement case fits into a metal insert ring 
which is molded into the plastic body. There is also a 
snap arrangement so that the “pancake” can be opened 
and closed for cleaning and adjusting the watch move- 
ment. Six steel arms, part of the metal case that con- 
tains the movement, are used to give a well balanced 
snap. The easel for supporting the watch when it is 
used as a clock is a plated brass stamping. 


Sales Success—This watch was introduced in Novem- 
ber, 1933, to retail at $2.95, and the original estimate of 
sales for the Christmas trade was more than doubled. 


Probable Reasons for Success—Much of the reason for 
the success of this item can be attributed to the unusual 
manner in which the manufacturer and design con- 
sultant operated. The industrial engineer did the re- 
search, designed the watch based on that research and 


White numerals on a 
gold-plated band 
around the dial give 
effective contrast with 
the jet black bakelite 
case of this new West- 
clox hand-bag watch 
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then offered the completed idea to the Western Clock 
Company. Upon the latter’s acceptance of the design 
in principle, the usual coordination with the manufac- 
turing division created the ultimate design with the 
necessary changes to keep cost well within the low 
retail price limit set. 

Undoubtedly, the low price of this article, which is 
indeed surprising when one considers its smart appear- 
ance and evident durability, has been a big factor in its 
SUCCESS. 


Walker Turner Band Saw 
Case History No. 24 


This product was designed and manufactured by the 
Walker Turner Company, Inc., with the aid of the 
Engineering Department of the Doehler Die Casting 
Company, who assisted in the development of the 
designs of the die-cast parts. 


Design Aims—Conventional power-driven tools for 
home shops and small industrial shops are made largely 
of cast iron in order to keep the cost to a level that will 
permit a broad market. Also, there is keen competition 
in this market which makes the cost factor of still 
greater importance. In the development of this band 
saw, the Walter Turner engineers aimed at a design of 
machine that would have the ear-marks of quality and 
be so sturdy and reliable that it could be used for 
certain types of work in manufacturing plants. It was 





By adopting die-castings, the Walker-Turner Company 

developed a band saw that not only had a neat and 

sturdy appearance but was stronger, more durable and 
manufactured at a lower cost 


quickly recognized that such a design would have to 
incorporate some entirely new production features and 
methods of manufacture in order to attain the desired 
results. 


Design and Manufacture—It was evident that a more 
highly finished and accurate product could only be pro- 
cured at a sufficiently low cost by the use of some 
material and type of construction other than sheet steel 
and cast iron. ‘The new material would have to be of a 
nature that would eliminate much of the cost of machin- 
ing and assembly operations. Naturally, die-castings 
were considered and because of the requirements of 
strength, zinc alloys were chosen for the materials. 

In the band saw as finally developed, the frame is 
made of close-grained cast iron but most of the other 
parts were changed. As shown in the accompanying 
photograph, the guards are zinc die-castings, these 
replacing the steel stampings formerly used. Although 
the cost of the material is considerably greater than 
steel, the savings by the elimination of forming and 
assembly operations more than offset the higher cost 
of the material when measured in cents per lb. Not 
only did the zinc die castings greatly improve the ap- 
pearance, give a heavier and sturdier construction, but 
cost 20 to 25 per cent less than the sheet steel guards 
formerly used. 

In addition to the savings in cost and the stronger 
and more rigid construction resulting from the use of 
die-castings, a greatly improved appearance was ob- 
tained. Beading around the edges of the guards and 
also around the edges of the slotted holes eliminated 
any possibility of cutting edges. The guards are lac- 
quered in a standard machine tool gray. 

The band saw wheels are also zinc die-castings, rub- 
ber faced to eliminate metal to metal contact which 
would permit the band saw to slip. The die-cast wheels, 
in place of the former gray iron cast wheels, have per- 
fect balance without any machining being required, 
thereby reducing the cost correspondingly. 

All the pulleys and some of the minor parts, as 
shown in the photograph, are also zinc die-castings and 
in each instances have supplanted pieces formerly made 
of gray iron and costing more because of the machining 
involved. 

In spite of the heavy frame, and even though many 
of the die-cast parts weigh considerably more than the 
steel stampings that they replace, the complete machine 
weighs only 72 lb. 


Sales Results—The band saw sells for $20.50 and the 
price alone is a remarkable feature that almost assures 
sales success. The combination of high quality product 
with this low price has lead certain manufacturers 
who must use a multiplicity of band saws in their pro- 
duction operations, to purchase them. 


Probable Reasons for Success—The reasons for success 
are fairly well stated above. In addition to a sound 
merchandising plan, the company issues a_ publication 
which has national distribution, to keep the home user 
of band saws constantly informed as to new and in- 
genious devices that can be made with it. This sustains 
the interest of the purchaser in the machine, allows no 
lag in its use, and increases the number of prospective 
purchasers. 
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Anti-Friction Bearing Mountings 


For Heavy-Duty Spindles—II 


F. A. FIRNHABER 


Designing Engineer, Landis Machine Company 


In this second article eight typical designs are given. 


Part I appeared in the January number 


LTHOUGH all of the designs of spindle mount- 
ings shown in these articles are for machine tools, 
they can be applied to many other machines. Details of 
the designs, such as retaining nuts, caps and bushings 
can readily be changed to suit any specific design. The 
principal value of the designs described here is that 
they show the types of bearings used, the locations of 
the bearings relative to the position of the gears or 
pulleys that are mounted on the spindles, and the pro- 
visions made for bearing adjustment, lubrication, 
spindle expansion, thrust load and similar factors. 


Fig. 12—This automatic screw machine spindle. 
which runs at 2,500 r.p.m., is mounted on Hyatt roller 
bearings. The inner race of the wide double-row bear- 
ing A is either pressed or slightly shrunk on the spindle. 
A bronze spacer B separates the wound rollers which 
are spaced well apart to support the radial load. In 
order that the deep-groove ball bearing C will take 


F1G.12 


only axial thrust, its outer race fits loosely in the hous- 
ing, thereby receiving no radial support in the housing 
cylinder. One nut D clamps the three bearings against 
the head of the spindle. The labyrinth seal at the 
spindle nose and the groove seal in the indexing gear 
protect the bearings against the entrance of dirt. 


Fig. 13—This Hyatt roller bearing spindle mounting 
which is also for an automatic screw machine, runs at 
3,500 r.p.m. and is similar to that shown in Fig. 12. 
Two solid straight roller bearings take the radial load 
while end thrust is taken by the ball bearing. The 
outer race of the rear bearing is clamped solidly. The 
inner race sliding along the roller allows for expansion 
and contraction. The driving gear is 4, and B is the 
indexing gear. 


Fig. 14—The drive for the automatic screw machine 
spindle shown here is obtained by the gears C and D 
meshing with the driving gear E. At the tool end, to 





F1G.13 
B 









——F, WS 
/ 


"hae : 
64 Clearance’ 


PRODUCT ENGINEERING + FEBRUARY, 1934 55 






















































































56 PRODUCT ENGINEERING ¢ FEBRUARY, 1934 














the left, the Timken bearing outer cups press against 
shoulders in the cylinder A. These bearings are pre- 
loaded to the desired amount by the adjustable split 
nuts F and F. The floating rear bearings can be ad- 
justed by either nuts G and G or nuts H and H. 
Pressed steel cups and flanges at J and J, grease grooves 
at K and K and double felt seals at L and L, prevent 
the entrance of dirt. 


Fig. 15—In this heavy-duty lathe headstock, the 
radial loads are carried on two Norma-Hoffmann cylin- 
drical roller bearings. A two-row double-direction ball 
thrust bearing takes the end thrust and locates the 
spindle axially. The thrust bearing is mounted on sleeve 
A and clamped with nut 5, the nut being positioned so 
as to subject the bearing to a slight preload, eliminating 
the possibility of end play. The middle race C, the 
outer races of the roller bearings and the spacers /) and 
E are all clamped by the flange /’. To keep out dirt, 
the bore of flange J’ is grooved in the same direction as 
the rotation of the center. Tongue and groove seal G 
is a further protection for the bearings. Worm gear 
sleeve H has a slinger effect at J and also has grooves 
at K similar to those in flange /*. The turned Vee at L 
also serves as a slinger should dirt enter. At AJ is an 
adjustable driving dog. 


Fig. 16—A precision engine lathe spindle mounted 
on S.K.F. ball bearings. Because of the heavy radial 
and axial loads two bearings are used at each end. The 
preloaded bearings at the chuck end are spaced well 
apart for rigidity, the two spacing sleeves being of equal 
length and held between the lips of the end flanges A 
and B. The rear bearings and spacers have a sliding 
fit in the casting bore. Above each pair of bearings is 
an individual oil reservoir, C and /), cast integral with 
the housing. Being fed through wicks, the oil reaching 
the bearings is always clean. [Labyrinth seal FE keeps 
out foreign material. 


Fig. 17—Two double-row Ex-Cell-O ball bearings, 
each of which has two outer and one inner ring, are 
used for mounting this precision boring machine spindle. 
Both the outer and inner rings of these ball bearings 
are clamped with double lock nuts. The front bearing 
is mounted directly on the spindle and in sleeve A, 
while the rear bearing is pressed on sleeve B, through 
which sleeve the keyed spindle is free to slide to take 
up expansion. Expansion is minimized by the six- 
bladed ventilating fan D, which circulates air through 
the screen covered cored openings at C and C. Hori- 
zontal adjustment of the boring unit is by means of 
two opposed micrometer screws bearing against studs 
not shown. Qz5l is introduced at / and F. 


Fig. 18—In this motor-driven spindle mounted on 
x-Cell-O bearings, the rotor is mounted and keyed 
rectly on the spindle. The stator is clamped in the 
ire on the split housing 4. Sleeve B accommodates 
0 double-row ball bearings and together with the 
ir sleeve C is mounted in the same manner as the 
tor. The outer races of all three bearings and the 
er race of the front bearing are held by double lock 
ts. The middle bearing is keyed slidably to the shaft 
ile the rear bearing is mounted on a keyed slidable 
‘ve D. Only 0.0001 to 0.00025 in. end and radial 
vy are permitted. Slinger / and a labyrinth seal pro 

the front bearing, the other bearings having feit 
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seals. A brake-pulley /’ stops the spindle quickly. Sight 
feed oilers supply lubrication through screened open 
ings at G and G. Motor ventilation is provided through 
screened openings in the spindle housings or main 
brackets, and the motor is also kept cool by a coolant 
which circulates through cored channels \t J and 
K are shown two typical diamond quills which screw 
into the tapered holes at the front end of the spindle. 


Fig. 19—Engine lathe spindle mounted on 5S.K.F. 
bearings with a splash system of lubrication, generally 
used in this type of machine. The gear dips into the oil, 
conveys it to gutters at 4, whence it is fed to the beat 
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ings through wicking and then returned to the gear case. 
At B is shown an elaborate and interesting labyrinth 
seal, the closely fitted tubing C over the chuck flange 
giving additional protection against the entrance of 
foreign material. 


Fig. 20—Heavy-duty grinding spindle wherein radial 
loads are severe because of wheel and pulley overhang 
For this reason the spindle is mounted on two Norma 
Hoffmann cylindrical roller bearings at each end and 
spaced well apart so as to distribute the load. The 
wheel end bearing bore is shouldered at A against which 
the outer races of the three bearings are clamped by 
nut B. The radial ball bearing C, which takes the end 
thrust when grinding against the face of the wheel 
floats in the casting bore. Grooves are cut in the shaft 
in the opposite direction of wheel rotation at ) and / 
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Fig. 18—In this design the guide A holds down the table against the 
opposed half Vee way B-B. Wear is taken up by the angular tapered gib C. 
The last thread of the adjusting stud where it is screwed into the stationary 


base is jammed to prevent rotation. The hexagon nut and lock nut adjust 
the gib C. 








Fig. 19—Gib head construction applied to an angular tapered gib. A hexagor 
screw is used for the adjustment and is locked by a check nut. 





Fig. 20—This unusual form of gib is tapered on surface A, but is not 
tapered along the length of the gib. Screws for adjustment must also take the 
load on the gib, making it difficult to adjust the gib accurately for its entire 
length. 
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Fig. 21—Except for the slight amount of thrust taken by the clamping 
screws, all side thrust comes against the adjusting screw. 








J . \ 
|} SY 
. ~~ 
a, 
\ 
. . 





| 

7 

Ze 
A 7 

GF, 

a 


Fig. 22—In this design, instead of the adjusting screws taking all of the 
load, some of the load is taken by the ledge. 














Fig. 23—This gib also has a ledge but the rear flat surface is tapered, the 
gib being adjusted and locked in position by the opposed screws. 





FIG. 21 Fig. 24—An angular tapered gib_using an adjustment and clamping method 
i which is shown in detail in Fig. 25. 


Fig. 25—This flat tapered gib also acts as a clamp. The adjustment and 
clamping of the gib is done with the screw C whose head is milled for a crank 
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handle. Screw D limits the looseness of the gib and also prevents the gib from 
being backed out too far. 


Fig. 26—A single screw adjustment that can be used on either a flat or 
angular tapered gib. The projection which fits between the double headed 
screw must be a metal to metal fit to avoid vibration from loosening the screw. 





ry Fig. 27—Another type of single screw adjustment. The head of the screw 
st must be a close fit in the slot in the gib. 


Fig. 28—In this design the studs are bottomed in the tapped holes and the 
yn gib is adjusted by the lock and lock nut. The flat ledge above the stud takes 
most of the load. 














ot Fig. 29—This design is similar to that shown in Fig. 28, except that ad- 
he justment is by shims, the gib being clamped solidly. 














Fig. 30—A special form of protected Vee and flat way construction. Both 
the Vee and the flat ways are made of steel and are screwed fast to the base. 
ng The gibs are adjusted by shims and locked in position by hexagon screws and 
lock washers. Surfaces marked X are pressure lubricated. 


























the Fig. 31—A form of gib applied to circular members A and B, the gib being 
made in two halves. Adjustment is by means of hexagon nuts on the pinned 
stud. This method may also be combined with clamping means by hinging the 





the gibs at the point where the stud is shown. 
Fig. 32—A three-piece gib in which opposed tapered gibs B and B adjust 
10d the gib C, which is then locked in position by the hexagon head screw shown 
in the cross-sectioned view A-A. The opposed adjusting screw can then be 
and jammed tight in order to avoid the possibility of vibration. At B-B is shown 
ank the manner in which the adjusting screw engages the gib in a counterbored hole. 
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Laminated Plastics 





Roll-neck bearings and thrust collars made of 
laminated plastics use only water for lubrication 


LX. ARINGS of laminated plastics have several advan- 
tages. The material does not have a tendency to 
adhere to metal, and for this reason such bearings can 
use lubricants of extremely low viscosity, water for 
example. Especially when a low viscosity lubricant is 
used, the bearing surface is worn extremely smooth, 
which is conducive to longer life and low friction. Also, 
these bearing materials are extremely resilient, with 
a compressive strength of from 25,000 to 45,000 Ib. per 
sq.in. and a modulus of elasticity ranging between 
750,000 and 2,000,000. Such a combination of proper- 
ties provides a bearing which will carry heavy loads up 
to approximately 2,000 lb. per sq.in. at rubbing speeds 
of from 100 to 3,000 ft. per min., using water lubrica- 
tion. A coefficient of friction ranging between 0.020 
up to 0.003 will be attained with such a combination. 
As is true with every material, in addition to the 
desirable properties as outlined above there are other 
properties which limit the applications for which this 
material can be used. Such organic non-metallic ma- 
terials have an extremely low rate of heat conductivity 
and cannot be safely operated at temperatures greater 
than 300 deg. F. Thus, the use of this. material is 
limited to places where the heat of friction can be 
carried away by the lubricant acting as a coolant, or 
where the amount of frictional heat generated is small 
enough so that it can be carried away by conduction to 
the journal without creating a high rise of tempera 
ture at the surface of the bearing. 
Roll neck bearings in steel mills, bushings in deep 
well pumps, stern tube bearings on ships and bearings 
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for Bearings 
and 
pinning Pots 


H. M. RICHARDSON 
Application Engineer, Plastics Departinent 
General Electric Company 


Proportions and constants for the design 
of bearings and a method for reinforcing 


the material to increase its tensile strength 


in paper mill machinery have been made of laminated 
plastic material and have operated successiully. The 
water, serving as both coolant and lubricant, is supplied 
in sufficient quantity to carry away the heat of friction. 
On full bearings or bushings, it is desirable to provide 
axial grooves so that the lubricant or coolant will be 
effective over the full length of the bearing. 

For best results, the journal should have a hardened 
surface. Chilled cast iron or hardened alloy steel is 
satisfactory. Journals that are case hardened, nitrided 
or chromium plated have been found equaily satisfac 
tory. The last two have the advantages of preventing 
or minimizing the rusting of water lubricated steel 
journals. 

Full bearings or bushings made of laminated plastics 
require somewhat greater clearance between the shaft 
and bearing than is used with metallic bearings. This 
greater clearance must be provided to take care of the 
slight swelling of the material because of absorption of 
the water and also to take care of the relatively high 
coefficient of thermal expansion. In general, a clear 
ance from 2 per cent to 3 per cent of the bearing wall 
thickness should be allowed. This is equivalent to a 
total diametral clearance of some 4 per cent to 6 per 
cent of the single wall thickness of the bearing. 

Bearings made of laminated plastics can be cut from 
tubes or cylinders of the material. Such bearings arc 
also made of molded cylindrical segments or machined 


from heavy sheets or boards. Some bearings are made 
with laminations flatwise or co-axial with the journal, 
while others are made with the laminations edgewise 01 

















perpendicular to the axis of the journal. Equally good 
results have been obtained with either method of con- 
struction, the use of one or the other usually being 
decided by the shape of the bearing to be made. 

Perhaps the most striking example of a reinforced 
design of a part made of laminated plastics is the high- 
speed rayon spinning pot. In this design the principal 
thing to contend with was the high stresses created by 
centrifugal force. As the result of the development of 
a reinforced design, rayon spinning pots 84-in. in maxi- 
mum diameter have been operating satisfactorily at 
speeds up to 10,000 r.p.m. 

Because of its high ratio of strength to unit weight, 
laminated plastic material is, in this respect, especially 
suited for resistance to centrifugal stresses. In this par- 
ticular design, the pot was also required to have ample 
strength to withstand the stresses produced by the 
material being rotated in the pot. 

In addition to the fundamental strength requirements, 
it was also required that the material had to resist the 
action of acids, and the erosive action of fluids leaving 
the pot either through drain holes or over the top edge. 
This corrosion and erosion is further intensified by the 
high mechanical stresses. 

The high rotative speeds also required that the spin- 
ning pot had to be in accurate dynamic balance. This 





Was necessary not only to minimize fatigue stresses 
vithin the structure of the pot, but also to minimize the 
pindle vibration and thereby prolong the life of the 
pinning motor bearings. Furthermore, since the power 
equired to drive the pot is consumed almost entirely 
windage or air friction, the surface of the pot had to 
as uniform and smooth as possible. Even an ex- 
mely small amount of surface roughness will cause 
appreciable increase in power consumption. 
The spinning pot which was designed to fill these 
uirements consists of a shell of laminated plastic 
terial molded as a unit with a hub of another grade 
this material. The laminated structure consists of 
igh grade of cotton duck impregnated with phenol- 
maldehyde resin. This shell structure is reinforced 
a banding of carefully protected steel wire of ex- 
cc tionally high tensile strength. This wire is wound 
ler tension and molded into the complete structure. 
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The molding process is followed by a carefully con- 
trolled heat-treatment which further cures the bonding 
resin, thereby insuring freedom from warpage in ser- 
vice. The molded pot is then machined, fitted with 
bushings in the hub and dynamically balanced. 

In the accompanying illustration is shown the dis- 
tribution of the steel banding wire. The size of the 
wire is determined by the speed for which the pot is 
designed. Owing to the fact that the banding wire has 
a modulus of elasticity of approximately 40 times that 
of the plastic materials the wire carries most of the 
centrifugal stresses. The function of the plastic is 
merely to hold the form of the pot and protects the 
banding wire. This design of wire bound spinning pot 
has a bursting strength of from three to five times that 
of a pot of the same material without reinforcement, 
depending on the size of the banding wire used. As 
compared to wood-flour-filler plastic molded pot, this 
design has approximately six to ten times the bursting 
strength. 

Another feature of this reinforced spinning pot is 
that the wire banding is done with a single continuous 
length of wire, one end of which is anchored in the rim 


and the other end in the hub. The winding is done 
under carefully adjusted tension, thereby compensating 
for the different expansion characteristics of the steel 


Spinning pots made of 
molded laminated plastics 
are used in the rayon in- 
dustry. To the left is a 
pot with a section cut 
away to show the molded- 
in wire reinforcement 
which adds considerable 
strength to the pot, thus 
enabling it to be operated 
at greater speeds. As the 
laminated material is acid 
resisting, it is particularly 
suitable for this service 


and the laminated plastic material as they cool from the 
molding temperature. Of course, the desired goal in 
this reinforcement is to have the wire so thoroughly 
bonded to the laminated plastic that the wire is anchored 
at every point. The extent to which this ideal is 
reached is shown by tests wherein the reinforcing wire 
was cut through at three different incisions in the 
bucket. There was less than 10 per cent reduction in 
the ultimate bursting strength of the pot. 

The foregoing examples well illustrate some of the 
numerous applications where the unique combinations 
of physical properties of laminated plastics have been 
used to design for desired results. A thorough knowl- 
edge of the characteristics of these materials is a valu 
able tool in the hands of the designers who are respon 
sible for the progress of our industries—either in the 
pioneer work of building new devices, or the devel 
ment and improvement of old ones. 
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Practical Data and Formulas 


for the 


Design of Worm Gears—lII 


C. H. GRILL 


This concluding installment gives specifications 
for the materials of the worm and the gear, for- 
mulas and factors that determine the load carrying 
capacity of the gear, the horsepower that can be 
transmitted, and the heat generated and dissi- 
pated. The first installment of the article ap- 


peared in the January number 


re 


Courtesy George Sherr Company, Inc. 


Fig. 9—One method of cutting precision worm gear teeth is 
with a tapered hob that is fed tangentially, as shown here 





ONSIDERABLE latitude can be exercised in the 

choice of materials tor the worm and the gear. 
Worms are usually made of steel whose quality may 
range {rom the ordinary screw stock to expensive high 
carbon or alloy steel. The highest grades of worms 
are made of a case-hardening alloy steel, usually a 
chrome-nickel alloy of 0.10 to 0.20 per cent carbon con- 
tent. After cutting, the worms are carburized to a 
depth of about 0.028 in., heat-treated and hardened, 
then carefully straightened and ground all over, includ- 
ing their threads. 

In late years heat-treating has been done away with 
for the extremely small or light duty drives. Worms 
for such drives are made from steel which is in the 
heat-treated condition as received from the steel mill. 
This steel is an alloy that has about 300 Brinell hard- 
ness, and is so hard and tough that it is just barely 
machinable. 

Needless to say, the harder and smoother the worm 
thread the greater will be the efficiency of the drive 
and, within limits, the greater will be the load carrying 
capacity. Hence, great care is usually exercised in the 
manufacture and finish of the worm. 

Experience has shown that it is advisable to make 
the worm gear of a material softer than that of the 
worm. Usually, the gear is made of bronze. Cast 
iron has been used in conjunction with soft steel worms, 
but only for light service and for relatively unimpor- 
tant installations. As is true of the worms, the 
efficiency load carrying capacity of the gear will be 
greatly affected by the accuracy of manufacture of the 
gear and its grade of finish. 

3ronze worm gears can be used in combination with 
steel worms in either the soft state or the heat-treated 
condition, the hardened but unground state, or case 
hardened with ground thread. Which combination to 
use will be determined by the cost and the service 
required of the drive. “Old English Gear Bronze.” 
now known as S.A.E. No. 65 bronze, is one of the 
best known and most widely used of the gear bronzes 
It gives the best results when meshing with a hardened 
and fully ground worm. Recent metallurgical advances 
have now made this material available in the chill cast 
condition, which is far superior for worms subjected 
to heavy loads and high speeds. A still more recent 
development is the leaded nickel bronze which is avai! 
able in both the sand cast and chill cast condition. This 
material has the following chemical analysis: Cu—®&4 
per cent, Sn—10 per cent, Pb—24 per cent and Ni 
34 per cent. In the chill-cast condition it is used at 
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present for the highest grade of heavy-duty worm gear 
drives. 

Brasses, or so-called “bronzes” that have any appre- 
iable zine content, should always be avoided no mat- 
ter how great a tensile strength they may show under 
test. Worm gears made of this material will fail 
almost invariably. The only zine bearing alloy that 
has been found satisfactory for worm gears is one of 
the manganese-aluminum bronzes having the composi- 
tion, Cu—684 per cent, Zn—20 per cent, Fe—24 per 
cent, Mn—245 per cent, and Al—6} per cent. This 
material has been found highly satistactory for 
extremely heavy pressure and slow speed applications. 
Sut in every instance a hardened and ground thread 
worm should be used in combination with it and under 
no circumstances should the pitch line velocity of the 
worm be allowed to exceed 200 ft. per min. For 
extremely large drives, this material may be used for 
the worm, and a cast steel for the gear. 

ln every instance when ordering worm gear material 
the engineer should specify the chemical composition 
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Fig. 10—From this curve the allowable gear tooth load 
in lb. per sq.in. of projected tooth area can be obtained 
for drives with 30-deg. pressure angle single worms 


of the alloy and also specify that “Virgin Metals”’ 
must be used. However, it will be found that the final 
quality of the material will be largely determined by the 
foundry that casts it, as the foundry operations can 
make or mar a casting regardless of its chemical com- 
position. An instance is recalled wherein a large num- 
ber of castings were furnished by a new foundry, the 
specifications calling for No. 65 S.A.E. bronze. Many 
‘i the drives failed shortly after installation and finally 
ne of the gears broke under load. A chemical analysis 
howed that the material was of the specified composi- 
ion but an examination of the fracture plainly indi- 
ated the true cause of the failure—the bronze lacked 
trength and was extremely brittle because of having 
en greatly over-heated in the foundry. 
Definite formulas for the load carrving capacity of 
rm gearing have not been established. Formulas 
1d factors proposed by various authorities are not in 
reement and there is no point in arguing the question 
a purely theoretical basis. With reference to the 
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design procedure given here, suffice it to say that it has 
tormed the basis tor a great number and variety of 
designs that have given satisfaction in many fields of 
service. 

Many methods have been proposed for determining 
the maximum allowable static tooth loads. In the 
accompanying chart, Fig 10, is given a curve showing 
the static load that can be imposed per sq.in. of 
projected area of the worm gear tooth for drives hav 
ing gears of various numbers of teeth and meshing 
with a single thread worm having a 30-deg. pressure 
angle. For multiple threaded worms, the chart values 
must be modified by multiplying them by the cosine 
of the helix angle of the worm thread. Another cor- 
rection factor must be used for pressure angles other 
than 30 deg. For pressure angles of 20 deg. the chart 
reading should be reduced 5 per cent, and should be 
reduced by 10 per cent for a 144-deg. pressure angle. 
The data on which this curve is based were obtained 
from tests and its dependability has been proved by the 
satisfactory performance of many worm gear units 
designed on the basis of this chart. 

Worm gear tooth loads as given by the curve in Fig. 
10 are the static tooth loads that can be imposed per 
sq.in. of projected area of the worm gear tooth. Proper 
lubrication is, of course, assumed. The projected tooth 


TABLE III 


Materials for worms and gears and factors for cal- 
culating allowable static load by Barth’s equation 














Material 
Gear S LVw 
Ww Factor ft 
—— Elastic Limit per min 


lb. per sq.in 





0.20 C Steel-Soft 











Nak hn Cast Iron 0. 333 100 
0.40 C Steel-Soft S.A.E. 63 Bronze - 
Not Ground Sand Cast 10,000 0.500 100 
0.40 C Steel-Heat-Treated|S.A.E. 63 Bronze i 
Nit Grouna Sand Cast 10,000 0.750 100 





S.A.E. 65 Bronze 
Sand Cast 
S.A.F. 65 Bronze " e 

Chill Cast 14,000 1.375 200 


Nickel Bronze 


11,000 


So 
i] 
So 


100 





0.10 C Alloy Steel 



































Carborized and Hardened Band Cast 18,000 1. 666 300 
Threads Ground q " Bro 
Chill Cast. 22,000 2.000 400 
- 3 : 
go ely sony 40,000 3.000 100 
Mn-Al Bronze = 
. “4 ( ast Stee 
*Sand Cast 0. bg Ann: pe 30.000 2.000 100 
Cut Threads ‘ — 
*“ynly for worm pitch line velocities up to 200 ft. per min 


area can be approximated with a negligible amount of 
error by the formula: 


TA = Cw Xa Xa/180 (1 

a = angle in deg. subtended on the worm by the gear as 
shown in Figs. 4, 5 and 6 (January P.EL., p. 4 

Cw = worm pitch circle circumference in in. 


= worm addendum in in., provided the worm addendum 

is equal to the gear addendum 

Multiplying the above equation by the allowable 
tooth load value as obtained from the curve in Fig. 10, 
the total allowable tooth load can be calculated. In the 
form of an equation: 

TLs = TA XL 

Ls = tooth load values taken from the curve in Fig. 10 


This total allowable static load must be further modi 
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fied by a material factor MF, a service factor SF, and 
a velocity factor as given by the Barth equation. In 
its final form, the formula for the total allowable worm 
vear tooth load, La, will be: 
600 MF 
La = TL ate 3 
O00 + Ix SF 
In the above equation the term Vw is the worm 
pitch line velocity and not the gear pitch line velocity. 
Also, it is advisable to reduce the imposed gear tooth 
loads at low speeds, especially for heavily loaded gears 
made of the less ductile materials. Otherwise pitting 
and rapid wear will result. The accompanying Table 
III listing material factors for the more commonly 
used worm and gear material combination, also gives 
the material factor for the “lower velocity limits” LI’w. 
These are to be used in conjunction with the Barth 
formula as given in Equation (3). Therefore, for 
worm pitch line velocities less than those listed in Col 
umn /J’w, the Barth equation should be modified to 
read: 
600 


\ elocity I actor 


600 + LI'x 


This velocity factor should be used for all velocities 
less than those listed in column LVw. Thus, for a 
chill cast nickel gear bronze with Lyvw=400 ft. per 
min. (or less), the Barth velocity factor would be 
600/ (6004-400) or 0.6 for all worm pitch line veloci 
ties below 400 ft. per min. 

Material factors given in Table III require no fur 
ther comment other than that they will serve as a 
criterion for the selection of the best possible worm and 
gear material combinations, consistent with costs and 
requirements. This table can also be used as a guide 
when other material combinations are under considera 
tion. 

Perhaps the most difficult thing for the designer to 
determine is the service factor to be used in Equation 
(3). The service factors given in Table IV will be 
found of great assistance, but for each installation 
the designer must be sure that he is taking into con- 
sideration all of the conditions that will be imposed on 
the worm drive. 

Having established the value of La by Equation (3) 
above, the torque 7g exerted on the gear shaft can be 
found by multiplying La by the gear pitch radius. 
From this, the horsepower output of the gear drive can 
be calculated by the following equation : 

Te X Gear r.p.m. 
Hp. = 4 
63025 

The horsepower as determined by Equation (4) 
will be the actual power transmitted to the gear shaft. 
The input hp. at the worm shaft is determined by divid- 
ing the horsepower as given by Equation (4) by the 
per cent efficiency as determined from the curves in 
Fig. 1 (January P.E., p 2). 

Since most oils lose their Jubricating qualities at tem- 
peratures of about 200 deg. F., it is standard practice 
to limit the temperature rise of a worm gear so that the 
final temperature will not exceed 180 deg. F. After 
reaching this final temperature, the casing inclosing 
the drive must have sufficient radiating surface to dis- 
sipate the heat at the same rate that it is being gen- 
erated. With a summer temperature of 100 deg. F 


there will be a temperature differential of only 80 deg. 
I’. between the casing and the surrounding temperature. 
5 5 
Therefore, relatively large radiating areas must be pro- 
S 

vided for worm gear drives. The heat generated in 
the drive through friction losses, expressed in B.t.u. 
per minute, can be calculated from the following equa- 
tion: 


NTP Xu X Vwa 


= — 5) 
778 
NTP = Normal tooth pressure as given in Table II (January 
PL... 5) 
« = Coefficient of friction 
Vea = Vw (worm pitch line velocity) times the secant of the 


helix angle. 


Most worm gear drives under normal conditions 
can dissipate heat at the rate of 1.8 B.t.u. per hr. 
per sq.ft. of radiating surface per deg. of temperature 
differential between the casing and the surrounding 
air, 

With 80 deg. F. as the maximum allowable tempera- 
ture differential, it is found that 1 sq.ft. of surface 
will radiate 2.4 B.t.u. per min. Combining this with 
equation (5), the area in sq.ft. required for dissipat- 
ing the frictional heat losses will be: 


NTP X Vwa 


{= for 30-deg. pressure angles (6) 
93400 
NTP X Vwa 
1 for 20-deg. pressure angles (7) 
7350 


NTP X Vwa 


for 143-deg. pressure angles (8) 


In some designs the insufficient radiating surface 
will limit the power input. But if a drive propor- 
tioned as above heats excessively, it is a danger sig- 


TABLE IV 
Service Factors to Be Used in Barth’s Equation 




















Class of Service Factor 
Continuous duty with extra heavy and frequent 
shock loads. (For steel mill service, main line} 2.5 to 3.0 
drives, etc.) 
Continuous duty withLheavy shock loads. (For 
paper mill, rubber mill drives, reciprocating] 2.0 to 2.5 
pumps, etc.) 
Continuous duty with medium shock loads. (For 
heavy conveyors, crushers, line shaft drives 1.5 to 2.0 
ete.) 
Intermittent duty with light shock loads. (For 
light conveyors and other light machinery 1.0tol.5 
drives.) 








The correct factor for each installation is subject to the condi- 
tions to be met. Judgment must be used in their selection 








nal indicating abnormal power losses. The cause should 
be investigated promptly and corrected before serious 
damage is incurred. Where the speeds are extremely 
high or where the duty is extremely severe, it may 
he necessary to provide direct cooling by means of 
water cooling coils or oil cooling by heat exchangers 
This must be done when conventional air cooling 
proves insufficient or in cases where the surrounding 
temperature conditions preclude proper cooling by 
alr. 
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Producing and Sifting Ideas 


LEV A. TROFIMOV 


Development Engineer 
Electric Controller & Manufacturing Company 


WO things that most frequently stand in the way 

of the successful development of new ideas are 
the tendency of the human mind to think in circles 
and, secondly, the tendency to continue along one path 
of thought. Indeed, one psychological definition for 
worry is, “Thinking in circles, allowing the mind to 
continually revert to the same thought.” There is 
much truth in that expression, “We’ll worry it out” 
when referring to a manner of solving a particularly 
difficult design problem. Of the tendency of the human 
mind to continue in one train of thought, G. Spiller in 
his book “The Mind of Man” says, “If we are con 
siderably interested in one thing, we cannot spare 
much interest for another thing at the same time. 
Thus there is a constant tendency for thoughts, as with 
animals in congested areas, to drive each other out of 
existence.” 

Even the most brilliant inventors will frequently fall 
into a rut by failing to take up new lines of thought. 
James Watt, telling how he finally solved the problem 
of the condensing steam engine, said, “I had just 
gone to take a walk on a fine Sabbath afternoon 
, and had passed the old washing house. I 
was thinking upon the engine and gone as 
far as the Herd’s House, when the idea came into 
my mind that as steam was an elastic body it would 
rush into a vacuum, and if a connection was made 
between the cylinder and an exhausted vessel, it would 
rush into it and might there be condensed without 
cooling the cylinder.” 

Why did this idea come at that particular time? 
It seems that Watt had collected material necessary 
for building an idea of a condenser some time before 
he took this walk. Nevertheless something was 
missing and therefore he could not visualize the con- 


Fiber ring on a 
“safety” nut before 
and after contact 
with the bolt 
threads 








enser in his conscious mind. But during the walk 
somehow, unconsciously, found the missing link 
nd the problem was solved. What served as a stimulus 
a direct bit of missing information to bring into 
mes Watt’s consciousness ,the vision of a condenser ? 
Ve note that he had passed the old washing house. 
is entirely probable that in looking upon it he recalled 
washing house operating with steam rushing out 
its windows and, perhaps, that was the picture which 
ised the idea of the condenser to appear. 
‘ust why Watt did not happen to think about such 


a simple thing as the property of steam rushing from 
a higher pressure compartment into a lower pressure 
compartment we do not know. He certainly was 
familiar with this property of steam. However, he 
did not happen to think about it until he went for 
this particular walk. Probably the reason he did not 
think of it before was because he was too occupied 
with seemingly more important phases of the problem. 


Applying Method to Analysis 


We may state that there are at least two things 
necessary for the appearance of a new idea. First, 
the interruption of the train of previous thoughts 
by something in the environment, and secondly, the 
delivery of the missing information or something that 
will bring to the mind the missing information. If 
this be true then perhaps there is a way of devising 
a method to check the tendency of the mind to remain 
too long on one train of thoughts, and also to substitute 
an organized method for supplying material and new- 
thought stimuli to the mind instead of permitting the 
mind to be guided by accidental environment. 

For instance, it might have been helpful to James 
Watt if he had made a list of the elements of the 
problem first and then inspected each element at a 
time from the point of view of changing it in quality, 
quantity, space or time-involved features of that ele- 
ment. Perhaps he would have noted as one of the 
elements of the problem “the volume of steam’ to be 
condensed ; and while thinking about this element from 
the point of view of “space” he might have conceived 
the idea of a condenser. Or the idea might have 
appeared by visualizing the volume of steam shifted 
in space or removed from the cylinder into a separate 
compartment and condensed there, which is exactly the 
idea of the condenser. Such a procedure would have 
led Watt to concentrate upon each item of his prob- 
lem in turn without excluding any one item from 
proper consideration. In other words, method can be 
applied to correct the defects of the human mind 
and supplement the accidental function of environ 
ment with an orderly supply of necessary material. 

To illustrate a methodical procedure in the solution 
of a development problem, we can take for an example 
devices for preventing the unlocking of screw threads. 
This has been a favorite problem with many inventors 
and its apparent simplicity makes it an ideal problem 
for the purposes of this illustration. 

The first step in the solution of any problem is a 
proper statement of it. In this instance, the problem 
may be stated thus: ‘Required a device for preventing 
or limiting the rotation of a nut on a bolt, caused by 
a counter-clockwise (for right-hand threads) inertia 
torque of the nut in the plane perpendicular to the 
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bolt axis.” Every statement of problem is comprised 
of two elements, cause and effect. In this instance 
the cause is “‘a counter-clockwise inertia torque of a 
nut,” and the effect is “the rotation of the nut on 
a bolt.” 

With reference to the fundamental elements of this 
problem, these are comprised of (1) a nut with its 
physical states and properties, (2) a bolt with its states 
and properties and (3) threads in contact with their 
states and properties. For each of these three elements 
there are four lines of attack in the solution of the 
problem, and each line of attack may be aimed at 
either the cause phase or the effect phase of the 
problem. 

The four lines of attack that are applicable to each 
of the three elements in this problem are (1) the 
possibility of reducing the cause or altering the effect 
by some qualitative change in any of the elements, 
(2) an examination of the possible effect of a quan- 
titative change in the elements, (3) a consideration of 
dimensional or spatial changes in each of the three 
elements, (4) a consideration of the factors involving 
time as might be applicable to the various elements. 
The successive applications of each of these four fac- 
tors to each of the three elements of the device, first 
aiming the inquiry at the cause phase of the problem 
and then at the effect, gives a total of 24 lines of 
inquiry within the scope of which will be found per- 
haps all possible solution. 

In order to be certain that each of these 24 avenues 
of approach will be given proper consideration, a sys- 
tematic record of procedure should be adopted. A 
simple and convenient method is to make a chart such 
as shown here. For convenience, symbols are used. 
Roman numeral I designates that the consideration 
is aimed at the cause phase of the problem, and Roman 
numeral II indicates that the effect phase is under 
consideration. The symbol Q indicates a qualitative 
change, Qn indicates quantitative, S stands for spatial 
and 7 for time. The number following the letter 
symbols indicate which of the numbered elements 1s 
under consideration. 


Analyzing the Problem 


To illustrate the use of the chart, consider for 
example the cause phase of the problem and how it 
may be reduced, or possibly even brought to zero, 
by means of some qualitative change of the first ele- 
ment, the nut. The word “inertia” suggests the use 
of a lighter material for the nut. It is within the realm 
of possibility that by using, in a certain specific appli- 
cation, a nut of light material, that the problem will 
be solved successfully. Therefore, in the proper square 
on the chart, the possible solution through the use 
of aluminum nuts or Dowmetal nuts is indicated. This 
same operation applied to the element (2) apparently 
leads to no suggestion. We cannot imagine how it 
would be possible to reduce the torque effect of the 
nuts by changing the material of the bolt. With 
respect to element (3), we come to the same conclu- 
sion. 

A glance at the chart shows that there are quite a 
number of avenues of inquiry that do not offer any 
possibility for solution. Thus in the first four sec- 
tions of the chart it is revealed that we may succeed 


in obtaining only two suggestions out of a possible 
twelve. This is because of the nature of the problem, 
particularly with reference to the definition of the 
cause. The subject of this definition is the inertia 
torque of the nut, which depends only upon two 
things: the weight and dimensions of the nut itself. 
It does not depend upon states and properties of the 
bolt (element 2) and threads in contact (element 3). 
Thus the eight avenues of attack that are grouped in 
the second and third vertical columns of the four sec- 
tions of the chart, do not offer any probable or pos- 
sible solutions. The chart shows we have only four 
possible solutions in these four sections of the chart, 
all of them depending upon permissible changes in 
the nut. Out of these four possibilities, two become 
improbable because we cannot imagine how to reduce 
the inertia torque by means of some change in the 
number of nuts, in the magnitude of a state of the 
nut or by the addition of a new part to the nut, or in 
the time-duration, time-sequence or time-distribution 
of the function of the nut. This leaves only two 
(I Q7 and I S71) possible solutions for this particular 
problem when the investigation is directed against the 
cause phase of the problem. 


Other Phases of the Problem 


Considering the second phase of the problem, which 
we will call Direction IT, this concerns itself with the 
possibility of varying the effect. As shown by the chart, 
the same method of procedure is followed as when con- 
sidering the first direction. To illustrate, consider the 
avenue of attack II Q7. This calls for an investigation 
of the possibility of decreasing, limiting or entirely 
preventing the rotation of the nut by some change in its 
quality. This may suggest a nut made from rubber, 
simply because it is a common experience that rubber 
adheres to a steel surface. A little more reasoning 
along this line may lead to a practical solution such as 
shown in Fig. 1. As a matter of fact, one of the suc- 
cessful self-locking nuts placed upon the market recently 
uses this principle of design. 

To further illustrate the method of procedure, con- 
sider the operation II 7. This relates to varying effect 
with respect to time. The full statement of the opera- 
tion II 771 is: investigate the possibility of decreasing, 
limiting or preventing the rotation of the nut by means 
of some change in time duration, time sequence or time 
distribution of the function of the nut. A careful 
study of the behavior of a nut under impact and vibra- 
tion reveals the fact that the compressive state of a 
nut varies with time. At some moments it reaches its 
minimum value and at that moment the inertia torque 
has opportunity to turn the nut. In other words, at 
the moment of minimum compression the compressive 
property of the nut is not fully utilized and therefore 
if we find a way of increasing this minimum we shall 
consequently increase the friction between the threads 
so that the inertia torque will have less opportunity to 
turn the nut. The cause of minimum compression in 
the nut is the decrease in the over-all dimensions of 
the pieces held by the nut and the bolt, or the stretching 
of the bolt, or both. From this thought naturally 
follows the idea of using a spring lock washer. Next, 
aS an improvement on the spring lock washer, while 
thinking about “‘preventing rotation” the idea of shary 
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GENERAL CHART OF INVESTIGATION OF A PROBLEM 
FOR ITS SOLUTION 








Need — Device for preventing the unlocking of screw threads caused by impact and vibration. 
Statement of Problem — Device for preventing or limiting the rotation of a nut on a bolt caused by a counter-clockwise (for 


hand threads) inertia torque of the nut in the plane perpendicular to the bolt axis 


right- 















































Cause — A counter-clockwise inertia torque of a nut Elements of Problem Entering Solution 
Effect lhe rotation of a nut on a bolt 1 A nut 2 A bolt | 3— Thread 
contact 
I Some change in QUALITY Q—or}| 1Q1 
1Q characteristics of element |, 2 and 3} Aluminum 1Q2 1Q 3 
respectively nut 
P Some change in QUANTITY Qn 
2 number of element or magnitude of 
a Investigate the possibility of de- 1Qn | state of element 1, 2, and 3 respec-| I Qn | 1Qn2 I On 3 
S creasing the counter-clockwise in- tively 
e ertia, torque of the nut in the plane - . : 
ra perpendicular to the bolt axis Some change in SPACE S shape.| IS 1 
> IS location, distribution, dimension of] Excess materi- iSz 1S 3 
} eleme t I, 2 and 3 respectively al removed 
- 
Some change in TIME T dura- 
tion, sequence, distribution of the 
[Tt functions of element 1, 2 and 3 re-| IT | L?zZ iis 
spectively 
II Some change in QUALITY Q IIQ1 Il Q3 
II Q characteristics of element 1, 2 and] Rubber nut I11Q2 Dardelet 
3 respectively Fig. | Thread 
Some change in QUANTITY Qn —] II Qn 1 
9 number of elements, magnitude of} Jam Nut I] Qn 3 
= Investigate the possibility of de- | IIQn J] states, additional part to the ele-| Taper pin I] Qn 2 Rubber nut 
- creasing, limiting or preventing the ment |, 2 and 3 respectively Cotter pin Fig. | 
Y rotation of the nut on a bolt by a — ae 
+ means Some change in SPACE S — shape, 11S 3 
it IIS location, distribution, dimension of] IIS | I1S2 Dardelet 
8 element |, 2 and 3 respectively Thread 
- ———— - a os —_ — - 
Some change in TIME T — dura-| IIT 1 
tion, sequence, distribution of the] Lock washer [ee 
aT functions of element 1, 2 and 3 re-| Shakeproof ma Z Lock washer 
spectively lock washer Staked nut 
III | Vary both cause and effect — Investigate the possibility of the combinations of the insufficient solutions of I and I] 
IV Original Solutions — Search for a physical relationship whose nature and properties fit the requirements of problem. 








prongs which will imbed themselves under the action 
of the screwing-on torque into the nut and the part held 
by the bolt and nut, suggests itself. We may say 
that the solution was found by prolonging in time the 
function of the nut, or in other words, by prolonging 
in time of the compressive action of the nut. Thus. 
the time connection between the problem and solution 
may be visualized; this being exactly what is meant by 
“making apparent the invisible threads.” 

'hroughout this whole discussion there has been no 
mention made of the restrictions imposed upon the 
solution by the conditions of the market, economic fac- 

and policies of the producers of the product. In 
practice the problem, as far as number of solutions is 
oncerned, is not as complicated as it may appear in 
presentation. The need usually imposes definite 
ictions such as specifying the material for the nuts 
bolts, standards of thread, prohibiting additional 
condition of frequent removal of the nut, spe- 
ols and many other similar factors. Such restric 

reduce the number of probable solutions to a 

vely small number. Therefore, in most instances 


art will not be needed because the few neces- 


PRODUCT ENGINEERING # FEBRUARY, 1934 67 


sary operations can easily be kept in mind. However, 
it will be found that in other than simple problems 
such as presented here, the use of the chart to assure 
a methodical procedure is extremely valuable. It will 
also be found that the chart will never assume its final 
stable form: Statement of problem, definitions of the 
cause and effect, selection and definition of 
will be subject to continual revision. However, con- 
stant attempts of applying the chart to the elements 
of the problem will stimulate imagination and produce 
an abundance of ideas. 

It is emphasized that the chart shown here must not 
be taken as the essence of the method. The chart 
is given only for convenience, the essence of the method 
consists of the discipline, systematic procedure with 
proof. This, according to the best of our knowledge, 
is a natural procedure of reasoning leading from the 
problem to solution as revealed by an analysis of 
numerous great achievements. 
Bacon: 


elements 


Quoting from Francis 
“Neither the naked hand nor the understand- 
ing left to itself can effect much. It is by instruments 
and helps that the work is done, which are as much 
wanted for the understanding as for the hand.” 











COMMUNICATION 
+» and COMMENT =: 


Determinants Simplify Curve Analysis 


Joun S. CARPENTER 
Detroit, Mich. 


In the development of a new product, 
performance data are usually supplied 
in the form of a performance curve 
showing efficiency, output, or capacity 
plotted against some basic quantity. 
The law governing the performance, 
as well as the losses present, and the 
relative importance of any one loss 
compared to another are facts that are 
usually difficult to obtain from such a 
curve unless the equation of the curve 
is known. 

In the following analysis the equa- 
tion of the performance curve is ob- 
tained directly by the use of deter- 
minants. To illustrate the method the 
curve shown in the accompanying dia 
gram, obtained by a test on a pump, is 
typical of a difficult type wherein the 
entire range is not given. In such a 
performance curve there may or may 
not be constants present, but if con- 
stants are present the constants merely 
move the curve up or down the verti- 
cal axis. 

Almost any curve can be satisfied by 
a relation in the form of Equation (1). 
In analyzing the curve shown in the 
figure, the first step is to bring the 
curve down to y equals zero at its 
lower limit, as shown by the dotted 
line. For determining the equation 
of the curve, three points are selected, 
and are designated by + and y sub 
scripts. Using these three points, the 
three simultaneous equations 
with the accompanying curve 
set up. 

In order to avoid the unfamiliar third 
order determinant form, the three equa 
tions for the coefficients are given in 
standard form in Equations (2), (3) 
and (4). The denominator, which is 
common to all of the three equations 
for the coefficients, is designated as K 
in equations (3) and (4). Mathemati- 
cal work is simplified if tables of the 
powers of x are prepared before com- 
puting the coefficients B, C and D. 

Substituting values obtained from 
the dotted curve into the equation for 
B, C and D give the following 
values: B : | 6.66, C = + 311, 


given 


are 


D 382. 


the curve is: 


Thus, the equation of 


7 


y = 27.70 + 6.66 x + 311 x? — 582 x 
Although three points are theoreti- 
cally sufficient to determine the curve, 
four points are desirable. For this 
reason the dotted curve is started from 
x equals zero in order to obtain a 
fourth point without increasing the 
work of computation. Shifting the 
X-axis 0.35 unit to the right and 
designating the new values of + as 4, 
makes it necessary to correct the equa- 


100 


035 0.45 


tion of the curve to the following form 
y = 88.467 — 425.34 x: —922 #7 — 582 x 

With this equation it is possible to 
compute enough other values of y to 
add the dot and dash line to the solid 
curve. 

For the curve shown in the figure, 
the quantity + is the rate of discharge 
in gallons per minute for a_ special 
form of propeller pump, while the 4 
ordinate is the pressure developed. The 
constants and the coefficients of +x 
therefore depend on the size, speed and 
quality of the hydraulic action. It 
the curve had been a loss curve, the 
constant term would have represented 
bearing friction and the first power 
term in x would then represent 
pumping loss due to secondary move- 
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Analysis of the pump performance curve is possible after the 
equation of the curve is determined from these relations 


Y=-A+Bx+Cx?+ Dx} 


¥i-2 Ou, tx," 


¥%= *Oxn, tCx,* 2 
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ment of water. Likewise, the second 
and third power terms in x would 
represent hydraulic friction and drag 


1OSSes. 


Is Calculus Necessary? 


Henry S. Bowers 


York, Penna. 


Following the demand for more 
exact knowledge in various lines of en- 
gineering, in the last few years tech- 
nical publications have been present- 
ing more and more articles involving 
differentials and integrations. The 
earlier engineering graduate studied 
these subjects in college, but usually 
mly just hard enough to get passing 
grades, and then forgot them as soon 
as possible after graduation. But the 
younger men are being taught calculus 
as a working tool, whereas formerly 
calculus were merely a prerequisite to 
a degree. 

To one who has taught calculus to 
non-college men, there appears an in- 
‘reasing popular interest in this sub- 
ject and a desire to use it in every-day 
engineering thought. The subject can 
be made plain and really is no more 
difficult than ordinary algebra. That 
which seems difficult certainly has not 
been thoroughly explained, and right 
here is where many of our standard 
treatises are insufficient. As a matter 
f fact, the calculus has been success- 
fully taught to men with a meager 
mathematical background and after a 
little practice could be used by them 
vith good judgment. 

Anyone making a study of electrical 
engineering, hydraulics, applied mech- 
inics, strength of materials and the 
study of vibration effects, certainly 
needs calculus. 


Much the same thing applies to de- 
rminants. Many of the older engi- 
ers scarcely remember having 
tudied them in school. Determinants 
re a part of algebra and the fault again 
s with the older teaching and texts 
that the many uses have not been 
ight. For the analytical study of ex- 
rimental data and the underlying 
ture of unknown curves. determi- 
ints are unexcelled. For example, if 
total loss curve of the performance 
i machine is plotted, the individual 
ntributing elements can be isolated 
| compared, pointing out the way for 
rovements in performance. A 
king knowledge of determinants 
be acquired in the spare time of a 


he indications are that designing 
the future will take into considera- 
many factors now disregarded, re- 
ing the use of so-called “higher 
hematics,” really nothing more 

an extension of previously ac- 








Li. Y2 The formula for the sec- 
HY |] olx tion modulus is developed 
|| oly by Mr. Van Voorhis for 
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quired ideas. Palmer’s ‘Practical 
Calculus for Home Study” and Dull’s 
‘Mathematics for Engineers,’ both 
published by the McGraw-Hill Book 
Company, and Thompson’s “Calculus 
for the Practical Man,” published by 
John Wiley & Sons, are suggested for 
spare-time study. 


Section Modulus at An Angle 
To the Editor: 

In the December, 1933 number, the 
Reference Book Sheet gives a chart 
for the modulus of a rectangular sec- 
tion at angle a. Although it is not 
stated to what particular problem this 
chart applies, presumably it is for the 
usual one of finding the maximum 
stress when the section is subjected to 
bending. However, the formula for 
Stress equals Bending Moment /Sec- 
tion Modulus—is only valid when re- 
ferred to a principel axis of the section. 
If the bending is inclined, the neutral 
axis and the axis of bending moment 
do not coincide. It is then necessary 
to use the two components referred to 
principal axis, namely, M cosa and M 
sina, and superpose these two stresses 
to get the resultant maximum stress at 
the two extreme corners. This method 
gives the result: 


Max.stress=M —© _ (bcosa+dsii a) 
b* d? 


Thus, the combined or equivalent 
section modulus is simpler than the 
incorrect form given on the Reference 
Book Sheet. —H. R. Lioyp 

Ann Arbor, Mich. 


To the Editor: 

Regarding Mr. Lloyd’s criticism of 
the formula for section modulus at 
angle a, in any area such as shown in 
Fig. 1, the moment of inertia about 
the 4’-axis at any angle a is given by 
Equation (1) in the accompanying 
table, where: 


’ 


V = ycosa x sila 


=1/y = bal (-dpcos nec + b sin“ 
Y d cos atb sin « (4) 


Substituting for y’ in Equation (1) 
and simplifying gives Equation (2). 

If the area of the section is sym 
metrical about the axis of bending or 
equally placed with regard to the axis, 
as in Fig. 2, the last quantity in Equa- 
tion (2) is zero. Similarly, in the 
figure shown in the Reference Book 
Sheet the axis of bending passes 
through: the centroid of the area so 
that J for the rectangular area is 
given by the Equation (3). Since 
2y = (dcosa + bsina) the section 
modulus zs is given by Equation (4), 
which agrees with the equation given 
in “Machinery Handbook,” sixth edi- 
tion, page 345. 

It would be interesting to know how 
Mr. Lloyd derives the equation for 
maximum stress given in his discus- 
sion. —M. G. VAN VoorniIs 

South Euclid, Ohio. 


Protection of Ideas 


ROBERT CorEY DEALE 
Babylon, L. I. 


To fully protect the priority of an 
idea, two kinds of dated records must 
be kept of all significant developments. 
First, the progress of the work from 
day to day should be recorded, prefer- 
ably in ink, in a bound notebook of a 
form making it impossible to add to or 
change the entries after the date of 
the original notation. Second, dated 
drawings showing various steps in the 
design are always of value. When 
design drawings are made in pencil 
and are changed many times during 
the course of the design, it is usually 
difficult to prove at some later date 
that a drawing represents the condi- 
tion of the design at the indicated date. 
Also, it is particularly difficult to prove 
at some later date that a particular 
idea was added at a given time. 

Acceptable legal evidence of dated 
drawings can be obtained by photo- 
stating the drawing as soon as some 
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particular feature of patentable value 
has been added to the design. When 
the photostat is dated and witnessed 
before a notary public, or before two 
reliable witnesses, the date of the 
photostat is established, and the fact 
that it is a photographic reproduction 
is evidence that it has not been changed 
at some later date. Where the draw- 
ing is of a form permitting it to be 
blueprinted, a dated and _ witnessed 


blueprint will serve the same purpose. 


lor use as evidence in a patent suit 
or an interference case a series of 
certified prints or photostats along 
with the notebook records will estab- 
lish the progress of the work. ‘Even 
when no patent is desired on a new 
development, a file of certified prints 
will be of value if suit is brought 
against the designer by some other 
company that may have patented a 
similar idea at a later date. When the 
individual designer desires to protect 
a development, the trouble involved in 
keeping a complete diary and the ex- 
pense of having the prints made at 
some commercial establishment is small 
compared with the possible loss in 
priority. 


Volume Formula Wanted 


To the Editor: 

What is the volume that must be 
removed from a solid column to allow 
a pipe of the same diameter to cross 
at right angles to the column, the 
amount of interference being equal to 
the radius? That is, the surface of 
each cylinder will be tangent to the 
axis of the other. —FLoyp CARLSON 

Detroit, Mich 


Snap Ring Design W anted 
To the Editor: 


In the snap ring shown in the ac- 
companying sketch, what will be the 
dimension JT giving a maximum stress 


» 01875" 


i 


Li 
~ 











How can dimension T be calcu- 

lated if the maximum stress is to 

be 70,000 Ib. per sq.in. when the 

ring is spread to go over a 3-in. 
diameter shaft? 


of 70,000 Ib. per sq. in. when the spring 
steel ring is spread to go over a 3-in. 
diameter shaft? I have found that al- 
most every engineer has a different 
method of solving problems of this 
type, resulting in great difference in 
the design of the rings tor the same 
application. But there must be one 
fundamentally correct method of solv- 
ing this problem, and 1 would very 
much like to see it. Perhaps some of 
your readers could give it. 
—E. P. HatcHe. 
Rochelle, Ill. 


In Answer to a Contradiction 


To the Editor: 

We were very much surprised to 
find in the December Product Engt- 
neering what amounts to a contradic- 
tion of the item which appeared in 
the November number describing the 
new sterilizer developed by the Amer- 
ican Sterilizer Company. Regardless 
of anything that appeared in_ that 
item, we still insist that this design 
is new. 

While it is perfectly true that the 
thermostatic system which is used by 
us in this product is in principle the 
same as has been used for a number 
of years by several manufacturers of 
sterilizers, that description was merely 
necessary for a complete understand- 
ing of the whole operation of the 
sterilizer. This was clearly described 
in the article as including a_ ther- 
mometer in the discharge line to indi- 
cate to the operator whether or not 
the thermostatic system is functioning 
at all. 

The article describing our (Amer- 
ican Sterilizer Company) . sterilizer 
shows the functioning of the thermo- 
static system and continues: 


“If the discharge is clogged or inopera- 
tive preventing the escape of air, the tem- 
perature cannot rise. With this new 
sterilizer the operator is required to gage 
the sterilizing performance not on the 
basis of the pressure, but according to 
the temperature indicated by a thermom- 
eter located in the air discharge.” 


This highly important detail is en- 
tirely new and was altogether ignored 
by Mr. Lunenschloss of the Scanlan- 
Morris Company in his letter and in 
the editorial comment following it. It 
is an established fact that partial or 
complete clogging of discharge lines 
on all conventional thermostatic sys- 
tems now in use on autoclaves is a 
common occurrence, and with the old 
arrangement the operator had no posi- 
tive indication whatever of this condi- 
tion when reading the pressure gage. 

Without the temperature in the air 
discharge being indicated by a ther- 


mometer there is no means of “gaging” 


whether or not the system is function- 
ing. But repeated tests made in hos- 
pitals, wherein the performance of 
the system is gaged by the ther- 
mometer located in the air discharge, 
have shown that higher and more 
uniform temperatures are always at- 
tained with 15 lb. steam pressure than 
were actually being secured in many 
instances with the former (ungaged ) 
thermostatic systems even when op- 
erating at 20-23 lb. pressure. 

In describing ours as a new steri- 
lizer, if one chose to quibble about it, 
the discussion might be carried on 
farther. Sure enough there have been 
pressure sterilizers in use for years 
that have doors and valves and va- 
rious applications of steam and other 
methods of heating that are more or 
less common to this one. 

—W. B. UNbERWoop 
Research Engineer 
American Steriliser Company 


Showing Drawing Limits 


In answer to Mr. Holbrook’s re- 
quest in this department last month we 
received a number of opinions regard- 
ing his method of indicating toler- 
ances on drawings. The following five 
contributions are representative. It 
is significant that all of them em- 
phasize that the drawing should in- 
dicate the most favorable dimension 
as well as the tolerances. 


To the Editor: 

In response to the question raised by 
Mr. Holbrook in the January number, 
page 29, his fourth method of giving 
limits, 0.248 0.252, should not be 
used on any part for which special 
tools such as form cutters will have to 
be made. The tool draftsman must 
know the nominal figure, in this case 
0.250 in., and make the tool drawings 
to this figure. Although the first 
method is preferable, it cannot always 
be used for dimensions having no plus 
tolerance. For general use the follow 
ing method has the advantage of giv 
ing maximum, minimum and nominal 
dimensions, with the nominal dimen 
sion given in figures slightly large 
than those indicating the limiting di 
mensions, as shown here. 


0.250 


In another method, dimensions a1 
given in fractions and the tolerance 
indicated by underlining. Any con 
mon fraction not underlined has 
tolerance of plus or minus 1/64 in. | 
the fraction is underlined once tl 
tolerance is plus or minus 0.010 in 
and if it is underlined twice the tolet 
ance is plus or minus 0.005 in. Whe! 
smaller tolerances are needed, one 
the other methods is used. With th 


0.252 
0.248 
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system of underlined fractions it is 
necessary to add a tolerance note ex- 
plaining the system on every drawing. 
—NorMAN M. WICKSTRAND 
VWeriden, Conn. 


To the Editor: 

In answer to the question raised by 
Mr. Holbrook regarding the proper 
method of showing limits on drawings, 
in the example given the designer 
originally wanted the dimension to be 
0.250 in., which is the basic or most 
favorable dimension. But to hold every 
piece to this dimension might be un- 
necessary and expensive, so that some 
deviations are permissible. This basic 
or main dimension should be shown 
on the drawing, with the tolerance 
added: thus, the correct form would 
be 


0.002 


0.250 - 


This form indicates that the de- 
signer would like to have the piece 
made to the 0.250-in. dimension, but 
that a tolerance is permissible. With 
the basic dimension shown on _ the 
drawing, the workman will make the 
parts to the dimension originally 
intended by the designer. 

—Hans SCHEMM 
Philadelphia, Pa. 


To the Editor: 

In regard to the four ways of di- 
mensioning with tolerances as given by 
Mr. Holbrook, the first method giving 
the basic dimension with a plus and 
minus tolerance signifies that the di- 
mension is not to be held very closely, 
and that it may vary either way. The 
second method, using a zero plus toler- 
ance is usually given when dimension- 
ing a shaft or pin that is to fit in a hole, 
while the third method, with no minus 
tolerance, is used when dimensioning 
a hole which takes a shaft or stud. 
These last two methods definitely state 
what dimensions are wanted in each 
case and give the allowance for fits in 
a practical manner. The fourth 
method, giving the minimum = and 
maximum dimension, is entirely wrong 
and indicates that the draftsman does 
not know just what to call for. This 
type of dimension gives the worker 
no indication as to what basic dimen- 
sion is intended. —C. A. UNDERWooD 

Waltham, Mass. 


lo the Editor: 

In indicating tolerances on draw- 
ings, the workman should be given 
the actual figures used when measur- 
ng the piece with a micrometer or 
ernier. For shafts the larger di- 
ensional limit is more important so 
his should come first. while for holes, 
e smaller dimension should be given 
rst. In this way the most important 
gure catches the eve first. These 
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conclusions agree with the recommen- 
dation of Mr. Holbrook except that it 
is preterable to arrange the figures 
one over the other, rather than on the 
same line, so that less space is re- 
quired for dimensions where space is 
restricted. 

\lthough the practice of using the 
zero before the decimal point is often 
used, it is better to omit the zero for 
clarity and to save space on drawings. 

—W. S. Brown 
Auburn, N. Y. 


To the Editor: 

Certain definite dimensions are se- 
lected by the designer for most satis- 
factory operation of a machine. As 
concessions to the shop the designer 
may allow a slight variation or tol- 
erance from the desired dimension, 
but the dimensions shown on_ the 
drawing should be the one selected by 
the designer. Limits shown above 
and below this dimension are only to 
define accuracy in machining. Thus 
the dimension should be 0.250 — 0.002, 
this form indicating that the dimen- 
sion 0.250 in. is desired by the designer 
but that the dimension may vary from 
0.248 to 0.252 in. without disturbing 
the functioning of the machine. 

Using this form of dimension the 
workman knows that 0.250 in. is de- 
sired and he will try to attain that 
dimension. If the dimension is shown 
as 0.252 or 0.248 in. with correspond- 
ing tolerances, these dimensions will 
be fixed in the workman’s mind, and 
he will consistently make the parts to 
the basic dimension shown. The di- 
mension 0.248-0.252 establishes maxi- 
mum limits without requiring any cal- 
culation, but this method does not 
convey to the workman the dimension 
selected by the designer to give the 
most satisfactory machine. 

—G. CHARLES Hoey 
Greenville, Pa 


Triangle Problem 


To the Editor: 

Although the average toolmaker is 
usually helpless when confronted with 
a problem involving higher mathe- 
matics, this is not always true. For 
example, in the triangle problem dis- 
cussed in recent numbers of Product 
Enginecring, the toolmaker can easily 
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Precision measuring methods can 
sometimes be used to solve prob- 
lems involving higher mathematics 


obtain a solution by using blocks and 
a surtace plate. 

A model reduced to 1/10 of full size 
is made using a steel plate 4 with a 
block B attached at one corner, square 
with the corner ot plate 4. The block 
5 is then placed against a 90-deg. 
block on a surface plate as shown in 
the illustration. A Johansson gage 
block C, 2.0000-in. long is clamped in 
the required position and the dimen- 
sion « measured, then doubled and the 
decimal point set over one place to the 
right giving the required length of 
the triangle base. 

Che dimension x can be measured 
either by setting the work up on the 
surtace plate and using a height gage, 
or by securing the work to the table 
of a jig boring machine and reading 
the indicated points for x. In the same 
way the longest base of the triangle 
is readily obtained by clamping the 
block C in the position giving the 
larger value of +—C. W. HINMAN 


Orlando, I:la 


Forces on a Dredge Bucket 
Beam 
KARL F. CossABOON 
Folcroft, Pa. 
Riding freely on a rotating roller 
attached to the boom, a dredge bucket 


beam is hoisted by means of a cable 
attached to the bucket, the cable pass- 





What are the magnitudes and di- 
rections of the forces acting on the 
bucket beam? 


ing over a pulley at the end of the 
boom, as shown in the diagram. The 
fixed conditions usually existent in 
such designs include the distance a 
the boom angle ¢, and the diameters 
f the roller and pulley. Assuming a 
bucket beam of uniform cross-sectior 
and known weight for a given posi 
tion is there a general equation for 
the direction and magnitude of the 
two forces acting on the bucket beam. 
the force F. at the point of contact 
with the roller, and the force F,, the 
cable tension? What assumptions can 
be made in the problem to make pos 
sible a less involved solution ? 
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Modern Engineering 
Revealed in an Old Crane 


Not only does the accompanying 
picture of a ten-ton crane, designed 
and built in 1850, illustrate the early 
attempts to combine art and engineer- 
ing, but it also shows a type of boom 
construction that has recently been 
again adopted for modern power 
cranes and shovels. Also of interest 
is the fact that this crane is still in 
service in the shops of a French rail- 
road. 

In the design of this early crane, 
the boom is of tubular construction, 
composed of two cast semi-circular 
sections with extending flanges for 
riveting the two halves together. Early 
designs of rolled steel roof trusses also 
used the same type of construction, 
since the semi-circular section is rela- 
tively easy to roll. These roof trusses 
were made of tubular sections identi- 
cal in cross-section with that of the 
boom of this crane. 

When rolled steel sections came into 
general use, the cast tubular crane 
booms were replaced by ones made 
of rolled steel built-up or single sec- 
tions. But illustrative of how develop- 
ments proceed in cycles, within the 
past year one of the leading manu- 
facturers of construction equipment 
emphasized the superiority of their 
“newly developed” tubular booms used 
on their power shovels and cranes. 
Of course, these present day booms 
are made of steel tubing. 


Research on Heating at 
Mellon Institute 


After a thorough investigation of 
ferrous and non-ferrous heating units, 
the Multiple Industrial Fellowship at 
the Mellon Institute of Industrial Re- 
search has found that cast iron is the 
most suitable metal for the construc- 
tion of finned convectors. Results of 
work on impregnated wood foundry 
patterns, now fully patented, are like- 
wise of interest to heating industrial- 
ists; this development is of broad ap- 
plication in the foundry field. During 
the past three years the Fellowship has 
been engaged in the development of 
corrosion-resistant materials especially 
for use in the petroleum and other 
process industries, conducting this in- 








MEETINGS 





American Society of Heating and 
Ventilating Engineers — Annual 
meeting, Biltmore Hotel, New York, 
N. Y., Feb. 5-8. A. V. Hutchinson, 
secretary, 51 Madison Ave., New 
York, N. Y. 

American Institute of Mining and 
Metallurgical Engineers — Annual 
meeting, Engineering Societies 
Building, New York, N. Y., Feb. 
19-22. E. J. Kennedy, Jr., assistant 
secretary, 29 West 39th St., New 
York, N. Y. 


EXHIBITIONS 





Exhibition of Heating and Venti- 
lating Equipment — Grand Central 
Palace, New York, N. Y., Feb. 5-9 
\. V. Hutchinson, secretary, 51 
Madison Ave., New York, N. Y. 

National Alliance of Art and In- 
dustry—Industrial Arts Exposition, 
R.C.A. Bldg... New York, N. Y., 
Feb. 15-March 15. Alon Bement, 
director, 3( Rockfeller Plaza, 
R.C.A. Bldg., New York, N. Y. 

National Oil Burner Show—Com 
mercial Museum, Philadelphia, Pa., 
March 5-9. Harry F. Tapp, secre- 
tary, American Oil Burner Associa- 
tion, 342 Madison Ave., New York, 
N. x. 

Packaging Exposition — Hotel 
Astor, New York, N. Y., March 13- 
16. American Management Asso- 
ciation, 232 Madison Ave., New 


York, N. Y¥. 


vestigation in collaboration with the 
research department of the National 
Radiator Corporation which is sustain- 
ing the Fellowship. During the course 
of these studies the findings of the 
International Nickel Company respect- 
ing the place and utility of “Ni-Resist” 
have been corroborated. The Fellow- 
ship has also had a productive part in 
the design of National condensing sec- 
tions, for which broad patent protec- 
tion has been secured. 


Aluminum in Foods 


No harmful effects can result from 
aluminum introduced into foods 
through the use of aluminum cooking 
utensils, according to a paper recently 
appearing in The Journal of the 
American Medical Association. An 
investigation of this was sponsored by 
the Mellon Institute of Industrial 
Research and is reported in a paper 
under the title “The Extent of the 
Retention of Ingested Aluminum,” 
appearing in The Journal of the Amer- 
ican Medical Association. (Guinea- 
pigs supplied with food containing va- 
rious amounts of added aluminum 
were found to have no greater accumu- 
lation of aluminum in their body 
tissues than those supplied with nor- 
mal food. A detailed report of the 
investigation is contained in a re- 
print issued by the Mellon Institute 
of Industrial Research, University of 
Pittsburgh, Pittsburgh, Pa. 


Welding Conference 


The third annual Welding Confer- 
ence, sponsored by the Department of 
Industrial Engineering, will be held 
at the Ohio State University, Colum- 
bus, Ohio, on February 28 and March 
1. Exhibits and demonstrations by 
manufacturers of welding equipment 
will supplement the technical sessions. 
Arrangements are in charge of O. D. 
Rickey, Assistant Professor of Indus- 
trial Engineering. 


American Engineering Coun- 
cil Elects New Officers 


John F. Coleman, consulting engi- 
neer of New Orleans, past president of 
the American Society of Civil Engi- 
neers, was elected president, and Fred- 
erick M. Feiker, formerly director of 
the Bureau of Foreign and Domestic 
Commerce, was appointed executive 
secretary of the American Engineer- 
ing Council at the annual meeting held 


in Washington on January 11, 12 and 
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13. Other officers representing the 
several national and local engineering 
societies were elected. C. O. Bickel- 
haupt, vice-president of the American 
Telephone & Telegraph Company, was 
elected to represent the American In- 
stitute of Electrical Engineers; Paul 
Doty, consulting engineer, St. Paul, 
representing the American Society of 
Mechanical Engineers, A. J. Ham- 
mond, consulting engineer, Chicago, 
representing the American Society of 
Civil Engineers; W. H. Woodbury, 
Duluth, representing the local engi- 
neering societies. C. E. Stephens of 
the American Institute of Electrical 
Engineers was elected treasurer, and 


William McClellan, president of the 
Potomac Electric Power Company of 
Washington, was elected chairman of 
the Finance Committee. 

Retiring president W. S. Lee, of 
Charlotte, N. C., pointed out in his 
opening address that nearly $750,000 
had been spent to prosecute the public 
good, through the work of the council, 
this including some $90,000 expended 
for direct research into the engineer 
ing values of public and private engi- 
neering enterprises. Established thir- 
teen years ago by the Federated Amer- 
ican Engineering Societies for the pur- 
pose of establishing at Washington a 
medium for engineering-economic re 


Industrial Art Exposition to Open April 3 


Because of the increase in the list 
of prospective exhibitors at the Indus- 
trial Art Exposition to be held in the 
R.C.A. Building, New York, it has 
been necessary to postpone the open- 
ing to Tuesday, April 3. The deadline 
for receipt of exhibits is set for March 
8. Eugene Schoen, nationally known 


PRODUCT 


MANUFACTURER 


architect, will have from then until 
March 20 to stage and arrange the 
exhibits, the remaining ten days being 
allowed for finishing touches. A list 
of a few of the first exhibits to come 
in, with the names of the designers 
and the companies for which they were 
designed, follows: 


DESIGNER 








Nugut Radio 

Detecto Bath Room 
Scales 

Washing Machine 

\ir King Radio 

Toledo Public Health 
Scale 

Serving Tray 


Dresser Set 

Big Ben Clock 

Chromium Griddle 

Bath Room Lighting 
Fixtures 

Monel Metal Sink 

Hand Mirrors 

Hand-Bag Watch 


Clocks Herman 


Micarta 


Readers, Mirrors, 
Magnifiers 

(Cameras 

Barometer 

Oil Burner 

leonard Refrigerator 

2. 

Turnstile 


Radio Cabinet 
Electric Mixer 

Bath Room Equipment 
Furniture 

Enamel 





Colonial Radio Corp. 
Jacob Brothers, Inc. 


Sears, Roebuck & Co. 
Air King Products Co. 
Toledo Scale (50. 


Chase Brass & 
Copper Co. 

DuPont Viscoloid Co. 

Western Clock Co. 

Griswold Mfg. Co. 

Pass & Seymour 


International Nickel Co. 
DuPont Viscoloid Co. 
Western Clock Co. 


Miller 
Clock Co. 
Westinghouse 
E. & M. Co. 
Jausch & Lomb 
Optical Co. 
Eastman Kodak Co. 
Taylor Instrument Co. 
American Gas Co. 
Leonard Refrigerator * 


Perey Turnstile 

Mfg. Co. 
Wurlitzer Co. 
General Electric Co. 
Standard Sanitary Co. 
Troy Sunshade Co. 
Ferro Enamel Co. 


Jan Streng 
Henrick Hayes 


Henry Dreyfuss 
VanDoren & Rideout 
VanDoren & Rideout 


VonNessen 


Alfred Donaldson 


Henry Dreyfuss 
Gustav Jensen 


Gustav Jensen 

Gustav Jensen 

Industrial Designers, 
Inc. 

Gilbert Rohde 


George Switzer 
Walter Teague 


Walter Teague 
Walter Teague 
Walter Teague 
C. Thomas 


John Vassos 


Russell Wright 
Lurelle Guild 
George Sakier 
Gilbert Rohde 








search in questions involving engineers 
or engineering in our national life, the 
Council provides a center in the public 
interest for the expression of engineer 
ing thought and opinion on questions 
of national policy 


neers or engineering. 


concerning engi- 


Fourth International Con- 
gress for Applied Mechanics 


Properties of materials, including 
elasticity, plasticity, fatigue and crystal 
structure will be among the subjects 
discussed at the Fourth International 
Congress for Applied Mechanics to be 
held in Cambridge, England, July 3-9 
The Applied Mechanics Division of 
the American Society of Mechanical 
Engineers is cooperating with the 
English organizing committee and will 
supply information to those intending 
to participate in the meeting. 


New Headquarters 
for A.G.M.A. and A.S.T.M. 


Offices and headquarters of the 
American Gear Manufacturers Asso 
ciation have been moved from the 
First National Bank Building, to the 
Penn-Lincoln Hotel, Wilkinsburg, Pa., 
which is also the headquarters of the 
Code Authority of the Gear Manufac 
turing Industry. 

The American Society for Testing 
Materials has moved to new quarters 
in the Atlantic Building, at 260 South 
sroad St., Philadelphia, Pa. The new 
location provides additional floor space 
for offices as well as facilities for a 
reception room and lounge. 


Old Drawings and 
Instruments Wanted 


Historical exhibits of drawing in 
struments and drawings are planned 
for the June meeting of the Society for 
the Promotion of Engineering Educa 
tion to be held at Cornell University. 
Specimens of the work of draftsmen ot 
the past century are being collected for 
this exhibit by Wm. G. Smith, School 
of Engineering, Northwestern Uni 
versity, and a display of old drafting 
instruments is being assembled by 
F. M. Ming, Department of Engineer 


ing, Brooklyn Polytechnic Institute. 
Mr. Smith and Mr. Ming would ap 
preciate hearing from readers of 


Product Engineering who have instru 
ments or drawings suitable for this 
display 
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NEW MATERIALS ana PARTS 


Tenite 


Made from cellulose acetate, is a 
thermoplastic material supplied in all 
colors and in all degrees of trans- 
lucency from clear to opaque including 
clear transparent colors. Used for 
such products as door handles, auto- 
mobile knobs and fixtures, pencils, 
spools, cores, fishing reel ends. Sup- 
plied to molders in slabs or granulated 
with different degrees of flow from 
hard, which molds at a temperature 
of 340 deg. F., to soft, which molds at 
a temperature of 280 deg. F. Because 
of its resiliency and toughness, ma- 
terial is said to be adaptable to thin- 
walled products and can be punched, 
stamped, drilled, riveted without break- 
age. Said to be unaffected by tem- 
peratures below 160 deg. F. Resistant 
to oils, but is softened or spotted by 
alcohols. Finish on molded piece is 
claimed to be equal to the finish on the 


Physical Properties of Tenite 





These figures are based on medium 
flow Tenite and include types ranging 
from those containing only dyes to those 
containing pigment as a coloring agent 
but not as a loader or filler. 


Specific gravity 
Strength : 
Tensile, lb. per sq.in. 


.27—1.37 


4,300— 5,000 
Compressive, lb. per sq.in. 
12,000—16,000 
Transverse, lb. per sq.in. 6,000— 7,000 
Impact, Izod test ....... 0.5 
Elongation, per cent 
Dielectric strength, volts 
per mil at 60 cycles.... 
Hardness (Pure lead=2, 





quenched steel = 100)... 55—00 
Water absorption, per cent 

in 24 hr. immersion..... 1.4—1.7 
Softening temperature, deg. 

ER) I Seen 140—160 
mold. Since no chemical change oc- 


curs in molding, scrap can be remolded 
without waste. Material also adaptable 
to injection molding or extrusion. 
Eastman Kodak Co., Rochester, N. Y. 


Hubbellock Connectors 


Designed for portable tools, are of 
four-wire polarized type including a 
plain receptacle, receptacle with cast- 
iron cover plate, and connector body 
and plug as illustrated. Positive locking 
feature designed to prevent accidental 


breaking of circuit. Steel casings 








te-in. thick are positively connected to 
ground terminal, designed so_ that 
grounding connection contacts first 
and breaks last to protect from short 
circuiting. Connector body and re- 
ceptacle equipped with bakelite plunger 
backed up by a spring which holds the 
plunger near the face of the receptacle 
when the plug end is not inserted. 
Devices are designed so that caps can 
be inserted in only one way. Wiring 
chambers are separated from metal 
casings by a molded bakelite lining. 
Supplied in cadmium finish. Current 
rating is 20 amp., 250 volts d.c. or 
440 volts a.c. Harvey Hubbell, Inc., 
Bridgeport, Conn. 


Acousto-Lite Selenium Cell 


Contained in a brass shell #-in. 
diameter and 4-in. long, closed at the 
back with a bakelite disk with two 
binding posts. Behind a glass window 
in the face of the cell, the sensitive 
element is sealed in a moisture-proot 
compartment. Operates with a poten- 
tial of 4.5 to 10 volts, having a dark 
resistance of approximately 25,009 





ohms. Maximum steady current, 0.5 
to 1.0 milliampere. Spectral sensitivity 
is a maximum in the red and violet, 
with high sensitivity in the ultra-violet. 
Its high frequency response is said to 





make this cell suitable for sound re- 
production from film. Acousto-Lite 
Corp., Ltd., 2908 S. Vermont Ave., 
Los Angeles, Calif. 


DoleCo Refrigeration Plate 


Consisting of a jacket inclosing 


g a 
continuous coil of 


through 
Jackets 
soldered and the air 
exhausted to a vacuum of 28 to 29 in 


of mercury, causing the metal walls ot 


tubing 
which the refrigerant passes 
are welded or 





the jacket to be tightly pressed against 
the tubing by atmospheric pressure, re- 
sulting in a better heat transfer be- 
tween the pipe and jacket. Since 
there are no corners or crevices, plates 
are easily cleaned. Supplied with 
jackets of stainless steel, stainless clad 
or copper, and fabricated in square, 
oblong or other special shapes. De- 
signed for temperature from minus 50 
deg. F., to plus 50 deg. F. Dole Re 
frigerating Machine Co., 663 Wash- 
ington Blvd., Chicago, Il. 


Hart Mercury Switch 


\daptable for use where an exposed 
are would be hazardous, switch is said 
to withstand constant operation over a 
period beyond the life of ordinary 
blade type switches. Supplied in single, 
two, three, and four-pole types, nor 
mally on or normally off. 


. 
5 


Rated at 
30 amp., 125 volts; 20 amp., 250 volts. 
a.c. or d.c. for non-inductive loads. 


Switch may be used for such inductive 
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ads as solenoids, relays and lighting 
circuits. Designed for controlling 
motor loads of 4 hp. d.c., } hp. with 
split-phase a.c. motors, } hp. capacitor, 
or 1 hp. two-phase a.c. motors. Op- 
erating coils supplied for voltages up 
to 250 volts d.c. or 440 volts a.c., re- 
quiring from 8 to 10 watts power. For 
sutdoor installations, single, two and 
three-pole switches are mounted in a 
weatherproof box 6-in. wide, 9-in. 
high, 3-in. deep. The Hart Mfg. Co., 
Hartford, Conn. 


Pre-Focused Headlight Lamp 


For use only in specially designed 
sockets, the collar seats against the re- 
flector, providing greater accuracy in 
filament alignment. This design is said 
to insure more uniform performance 
of lamp, and to allow the use of smaller 





headlamps. Alignment of filament is 


obtained in an added step in the manu- 
facture in which the collar is soldered 
o the base after adjusting the posi- 
tion of the filament. The special socket 
for this lamp has three projecting pins 
engaging the slots on the collar. Gen- 
eral Electric Company, Nela Park, 
Cleveland, Ohio. 


Foxboro Indicating Pyrometer 


Using the potentiometer system of 
mperature measurement, this instru- 
ent has all adjustments centrally 
ated on the front cover plate. Gal- 
nometer pointer swings just above 
temperature dial and is balanced at 
same index line used for the tem- 
rature scale. Scale length of indi- 
ng dial is 17 in. Galvanometer has 
double suspension similar to the 
gn used in control pyrometers. 
sture-proof case can be surface or 
mounted, and thermocouple leads 
sealed from the interior of the 
By the use of a multiple point 

ry selector switch as many as 20) 
mocouples may be connected to 





one indicator. Provided with an auto- 
matic cold junction compensator, the 
accuracy is 3 
value. 


of 1 per cent of full scale 
Drv cell supplying current for 
operating the circuit is located inside 
the case. Outside dimentions are 113- 
in. high, 94-in. wide, 514-in. deep. The 
Foxboro Co., Foxboro Mass. 


Electriding 
é 

A process for converting the sur 
face of malleable or gray iron into a 
hard carbide structure, producing a 
hardness of 350 to 375 Brinell to a 
depth of vs to 4 in., without changing 
the malleability of the cast structure 
beneath the hardened area. Said to be 
suitable for any castings containing 
graphitic carbon. Brake heads with 
this treatment outwear a plain malle 
able head three or four times accord 
ing to tests reported by the manutac 
turer. Gunite Foundries Corp., Rock 


ford, Ill. 


Argus Light Source 


Designed particularly for photo-elec- 
tric applications, uses a 32 cp. single 
contact automobile headlamp. Housed 
in a dark colored crystal lacquer finish 
welded steel case with adjustable die 
cast lamp socket and focusing lens. 
Transformer in side of case is de 
signed for 110 volt, 
ply, and is compensated for voltage 
variations for 


60 cycle a.c. sup 


average installation. 
Light intensity of beam is sufficient to 
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operate caesium photo tubes at 
tance of 100 tt. Supplied with 6-ft. 
rubber cord and attachment plug. Case 
3x43x44 in. Weight 
filter lens system also available 
Distributing Co., 1500 
Grand Rapids, Mich. 


a dis 


t 


3 lb. Intra-red 
A.M.I. 
Union Ave., 


Lincoln Electrode for Welding 
Cast Iron 


Available as a one eighth inch steel 
core having a heavy flux coating, is 
said to simplify welding procedure on 
cast iron and to produce a weld of 
greater strength and ductility than the 
cast iron. 
tently, laying down a head not ovet 
3-in. long. As each bead is welded it 
is peened lightly, cleaned and allowed 
to cool before the next bead is ce 
posited. Because of the low welding 
current of approximately 80 amp., the 


Welding is done intermit 


hardening effect ordinarily present 
along the line of fusion is said to be 
> ] > . . ] ‘s 1A 
materially reduced, producing a weld 
more machinable than most cast irot 
welds. The Lincoln Electric | 


Cleveland, Ohio 


Insulation Tester 





For testing dielectric strength or in 
sulation value of sheet material such 
as tape, cloth, rubber and mica. Be 
cause of the high voltages used, the 
apparatus is designed with special at 
tention to the safety of the operator 


Unit is self-contained in a_ baked 
enamel finished metal case with a dis 
connecting switch arranged to break 
the supply circuit when cover is raised 
Designed so that the meter movement 
is substantially at ground potential 
When breakdown occurs in test sam 
ple, meter indication drops to zero 
Electrodes are chromium-plated brass 


with curved surfaces, exerting a defi 
nite pressure on the sample. Tapered 
rheostat in series with primary cit 
cuit gives smooth control of voltage 








from 200 tu 10,000 volts. Designed for 
a power supply of 110 volts, 60 cycles. 
Case is 16x184x8} in., weight 65 Ib. 
Sound Engineering Corp., 416 N. 
Leavitt St., Chicago, IIl. 


Morflex Coupling 
These flexible couplings use four 
molded non-cold-flow rubber trunnion 
blocks spaced 90 deg. apart and _ set 
under pressure into a two-piece riveted 
steel housing. Steel cores in the rub- 


ber trunnion blocks are designed so 





that rubber is always under pressure. 
\ll metal parts are rigid with all rela- 
tive motion confined to the rubber 
parts. There is no metal contact be- 
tween flanges. Since no movement 
occurs between rubber and metal, all 
flexing takes place within the rubber. 
Coupling said to require no protection 
from water, oil, dirt or grit, and to 
need no lubrication. The Morse Chain 


Co. Fiaca, N.Y. 


Sylvania Power Tube 

Improved long life type 212-D power 
tube embodies a graphite anode and a 
thoriated tungsten filament. Graphite 
anode is said to insure the maintenance 
of high vacuum and to permit higher 
plate voltages and higher output, while 
greater uniformity in tube characteris- 
tics results from the use of the 
thoriated tungsten filament 
Sylvania Corp., Clifton, N. J. 


Hygrade 


Mercury Contact Relay 


A quick acting relay designed t 


handle comparatively heavy currents is 
supplied with either one or two mer- 
cury contacts, either or both arranged 
to make or break contact upon opera 
tion. Relay is mounted on an an 
yracket as shown without a cover, or 
bakelite 


m a bakelite base with a 





cover. Designed for operation from 
a 110 volt, 60 cycle supply, has a con- 
tact rating of 20 amp. at 120 volts, 
non-inductive load. Automatic Elec- 
tric Co., 1033 West Van Buren St., 
Chicago, III. 


Marble-Card Splash-Proof 
Motors 


Designed for protection against fall- 
ing or splashing water, for installation 
in packing plants, laundries, breweries 
and paper mills. Motor is fully in- 





closed except for a small opening on 
the lower side of each end plate. Open- 
ings and haffles are designed to keep 
out splashing or falling water. Motor 
ventilation arranged so that splash- 
proof motors use the same frame size 
as open-type motors of the same 
rating. Available in single-phase and 
polyphase squirrel cage types up to 
30 hp. Marble-Card Electric Co., 
Gladstone, Mich. 


Flexible Chain 

Links consisting of double U-shapes 
are machined at the end to accom- 
modate double T-shaped lugs which 
form the pivot for flexing. With the 
cross bars of the double T-lug at right 
angles, one set of lugs permits flexing 
in one direction and the other set in a 
direction at right angles to the first. 
Designed so that links can be easily re 
moved by hand. Ends of links are 
rounded and overlapped so that chain 
presents a continuous flush 
without gaps between the links. 
ard Conveyor Co., 
Minn 


surface 
Stand 


North St. Paul, 





Small Signal Motor 


Designated as type PM, motor is a 
single-phase, induction, shaded coil 
type designed for display signs, toys, 
small tools, or novelties, where little 
power or starting torque is required. 
Available in several stock types with 





a rating of 1/1000 hp. and a full load 
speed of 2,300 r.p.m. Supplied with or 
without gear reduction, ratios 27.67-1 
and 48-1, with oilless bearings. Motor 
is 28-in. wide, 23%-in. high, 24$-in. 
long, with a 7*s-in. diam. shaft extend- 
ing } in. from the end opposite the 
gear reduction. Weight 1} lb. Signal 
Electric Mfg. Co., Menominee, Mich. 


Cole Nut-Lock 


Consists of a standard hex or square 
nut to which is attached a lock-pin of 
spring steel, formed so that it engages 
and follows the bolt thread, preventing 
the nut from backing off. To remove 
the nut, the lock-pin is thrown to the 
opposite direction. Nuts can be re- 
peatedly attached and removed with- 
out destroying the bolt thread.  De- 
signed particularly for railroads, street 
railways, electrical, textiles, agricul- 
tural and marine machinery, or for any 
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installation subject to vibration, Avail- 
ible in all standard sizes of hex or 
quare nut in standard threads, #-in. 
diameter and larger. Automotive 
Hardware, Inc., Indianapolis, Ind. 


Celoron Sprocket Coupling 


Consisting of a female end molded 
f macerated Celoron, engaging with a 
metal sprocket completely inclosed 
within the molded parts. Because of 
the light weight of the molded mate- 
rial, the total weight of the coupling is 
said to be less than half the weight of 
the ordinary metal coupling. Molded 
material is said to be unaffected by 
hot or cold oil, water, gasoline; has a 
tensile strength of 10,000 Ib. per sq.in., 
has a flexural strength of 20,000 Ib. 
per sq.in., and a compressive strength 
of 38,000 Ib. per sq.in., and in addition 
is a good electrical insulator. Designed 
to provide an equal distribution of the 
coupling load with angular displace- 
ments as great as ye in. per ft., and plus 
‘minus 0.002 in. eccentricity. Avail- 





11 


ible in seven types with capacities 
from 0.5 to 20 hp. at 100 r.p.m., for 
speeds up to 6,500 r.p.m. Continental- 
Diamond Fibre Co., Newark, Del. 


Weatherproof Photronic Cell 


Weston photo-electric cell of the 
y-disk type, mounted in a cast brass 
se with a threaded-pipe connection. 
illustrated, a visor is available and 
be attached by three small screws. 





Mounting can also be made waterprooi. 
Light sensitive element is the same as 
that supplied in the Bakelite case for 
ordinary service, and contains no 
liquid, vacuum or gas. Cell has no 
dark current and characteristics are 
said to be unaffected by exposure to 
sunlight. Diameter of case 376 in., 
thickness 1% in., overall height 64 in. 
Weston Electrical Instrument Corp., 
Newark, N. J. 


Dunco Midget Relay 


For use with thermostat or regulat- 
ing instruments for automatic control 
of heat, refrigeration, humidity, pres- 
sure. Relays are provided with an in- 


strument protecting resistor so that 
the regulating instrument makes, but 
never breaks the circuit. Relay con- 





tacts are rated to carry and break 6 
amp. at 110 volts, a.c., non-inductive 
load. Base is only 23x1 in. Struthers 
Dunn., Inc., 146 North Juniper St., 
Philadelphia, Pa. 


NEW BOOKS and PUBLICATIONS 





The Economics of the 
Recovery Program 


Douglass V. Brown, Edward Cham- 
berlin, Seymour E. Harris, Wassily 
W. Leontief, Edward S. Mason, Joseph 
A. Schumpeter and Overton H. Tay- 
lor, of Harvard University. 188 pages, 
5x74 in. Bound in cloth boards. Pub- 
lished by Whittlesey House, McGraw- 
Hill Publishing Co., Inc., New York. 
Price $1.50. 

Seven essays on various phases of 
the New Deal make up this volume. 
On economic grounds the gentlemet 
from Harvard are against most of the 
attempts by the Administration to ac- 
celerate recovery. One of them admits, 
however, that political considerations 
may have some force in a democracy, 
and that therefore it may not be alto- 
gether conclusive to judge the at- 
tempts solely from the economists 
point of view. 

The subjects of the seven essays 
are: Depressions, Purchasing Power, 
Controlling Industry, Helping Labor, 
Higher Prices, Helping the Farmer, 
and Economics versus Politics. Jtst 
why an economist finds it so difficult 
to express himself simply and directly 
is still a mystery to the reviewer. The 
use of interminably long sentences 
(one, at least, contains 110 words) is 
one reason why this book is so hard to 
read. 


German-English Technical 
Dictionary of Metallurgy 
Henry Freeman. 327 pages, 5x7 in. 
Flexible binding. Published by Otto 
Spamer Verlag, G.m.b.H., Leipzig, 
Germany. Price Rm. 25. 


A technical dictionary that contains 


the technical and shop terms of the 
metal-working industry, as this one 
does, should be useful to anyone who 
wishes to follow German literature or 
who is engaged in trade with Germany. 
This first section includes only the 
German terms and their English equiv- 
alents. It is concise and handy. 


The Engineer’s Manual of English 


W. O. Sypherd, professor of Eng- 
lish, University of Delaware, and 
Sharon Brown, associate professor of 
English, Brown University. 51 pages, 
44x63 in. Imitation leather binding. 
Indexed. Published by Scott, Fores- 
man & Co., 623 S. Wabash Ave., 
Chicago, Ill. Price $2. 

Analytical but inarticulate, is the 
popular appraisal of the average en- 
gineer. Whatever may be the justice 
of this conception, the manual by Pro- 
fessors Sypherd and Brown should do 
much to dispel it. 

Conveniently printed in a_ pocket- 
sized edition, the volume permits of no 
excuse for an engineer to be caught 
without the means for converting his 
ideas into intelligible expression. Its 
contents are divided into two parts, the 
first giving the principles of many 
types of engineering writing and the 
second devoted to specific specimens 
of these types taken from technical 
books and publicatior 

Starting with a chapter on general 
problems, which gives the broad rules 
that apply to all writing, and a chap- 
ter on style, the manual takes up the 
particular divisions of English that the 
engineer will use most frequently. 
Correspondence, report writing, tech- 


nical journalism, bulletins and specifi- 
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cations are included. The presentation 
is terse and to the point, as befits an 
engineering manual. 


v 


Timken Engineering Journal 


information on the various 
types of Timken bearings is included in 
this new 266 page edition in loose-leat 
book form. New load ratings based on 
the fatigue life of the bearings, along 
with methods for calculating loads and 
selecting bearings are given in the first 
section. Tables of various types of 
bearings available are arranged in order 
of increasing cone bore for the various 
types of single-row bearings. Two-row 
and four-row types are also tabulated, as 
well as flat thrust bearings and steering 
gear type bearings. More than 200 
pages comprise the Dimension Sheet Sec- 
tion with illustrations drawn to scale in 
full and half size to permit tracing them 
directly. A section following the dimen- 
sion sheets covers shims, nuts, tubes, 
washers, cotter pins and several types of 
closures. The last section includes draw- 
ings and description of various types of 
mountings and housing designs and 
closures, as well as data on lubrication 
and assembly methods. 


Design 


Horizons 


Excerpts from “Horizons” by Nor- 
man Bel Geddes relating to streamline 
designs make up this 40-page, 84x11 in. 
booklet. Design from the viewpoint of 
the consumer, the manufacturer and the 
artist is treated with particular refer- 
ence to transportation equipment. 
Sketches, diagrams and drawings are 
used to illustrate the designs originated 
by Mr. Geddes for railroad equipment, 
ocean liners, automobiles and _ buses. 
Distributed by the Institute of Aero- 
dynamic Research, General Electric 


Bldg., New York, N. Y. 


Electric Melting 


An unusually well-illustrated, 32- 


page booklet published by the Detroit 
Electric Furnace Co., Detroit, Mich., 
discusses the use of the rocking electric 
furnace and its effect upon the prop- 
erties of ferrous metals and _ alloys. 
Many interesting micrographs and 
etched sections and tables of physical 
properties and chemical composition of 
the metals produced are used to illus- 
trate the advantages of this type of 
electric furnace. Actual operating cost 
data is given for several sizes of elec- 
tric furnaces, melting both ferrous and 
non-ferrous materials. 


Diesel Tractor Design 


Although a catalog, this 48-page, 84x 
11 in. booklet contains a number of ex- 
cellent photographs showing construction 
details and the design of parts in the 
motor, transmission, final drive and frame 
of the Caterpillar Diesel seventy-five. A 
detailed description of the materials used, 
heat-treating processes and_ fabricating 
methods is also included as well as line 
drawings, exploded and cut-away views 
Published by the Caterpillar Tractor Co., 


Peoria, Ill 


Ball Bearings—The Fainir Bearing 
Co., New Britain, Conn. Reprint, 8 
pages, “An Outline of History for 
Anti-Friction Bearings,” showing the 
development in anti-friction bearings to 
meet the requirements of industry. 


Bearings—Johnson Bronze Co., New 
Castle, Pa. Bulletin EM-4, 83x11, 10 
pages, “Electric Motor Service Bush- 
ings,” with data on electric motor bush- 
ings listed alphabetically by name of 
motor manufacturer. Also, Bulletin 
339, 44x11, 16 pages, “Standard Stock 
Sizes” for plain, oil grooved and 
graphited bronze bushings and _ solid 
stock. 


Bronze — The Superheater Co., 
Bronze Foundry Division, 60 East 42d 
St.. New York, N. Y. Bulletin B-l, 
6x9, 16 pages, “Elesco-Bronze Cast- 
ings,” giving stock sizes, applications 
and specifications for various types of 
bronzes. 


Chemical Equipment—Haveg Corp., 
Newark, Del. Booklet, 6x9, 30 pages, 
“Corrosion-Resistant Chemical Equip 
ment,’ gives the method of manufac 
ture, mechanical properties and chemi- 
cal resistance of Haveg, as well as a 
number of applications in chemical and 
textile equipment. 


Couplings—Farrel-Birmingham Co., 
Inc., 437 Vulcan St., Buffalo, N. Y. 
Bulletin No. 437, 8 pages, “Farrell 
Gearflex Couplings,” giving catalog in 
formation and construction details. 


Electric Heating Units — General 
Electric Co., Schenectady, N. Y. 
Booklet, 16 pages, 4x9, “Spots of 
Heat,” illustrating a number of appli- 
cations for standard  cartridge-type, 
strip and immersion electric heaters in 
industrial equipment. 


Electric Motors—Marble-Card Elec- 
tric Co., Gladstone, Mich. Catalog 33, 
24 pages, “Marble-Card Electrical Ma- 
chinery,” describing a line of electric 
motors, generators, motor-generator 
sets and rotary converters. Details of 
construction, performance character- 
istics and applications are given. 


Electric Motors—Wagner Electric 
Corp., 6400 Plymouth Ave., St. Louis, 
Mo. Bulletin 174, 4 pages, “Machine 
Tools,” illustrating sixteen applications 
of built-in motors. 


Glass—Corning Glass Works, Corn- 


ing, N. Y. Bulletin 804, 8 pages, 
“Pyrex Sheets, Sight Glasses and Oven 


Door Panels,” with technical data, 
specifications and prices. 
Iron Pipe — Republic Steel Corp., 


Youngstown, Ohio. Catalog 220-B, 
24 pages, 84x11, “The Technical Story 
of Toncan Iron Pipe,” includes in- 
formation on resistance to rust and 
corrosion of alloy iron pipe under vari- 
ous conditions, as well as data on the 
physical properties, fabrication, weld- 
ability and fatigue resistance. Details 
of the forming and welding process 
used in manufacturing this pipe are 
also given. 


Lubricant — Acheson Oildag Co., 
Port Huron, Mich. Bulletin No. 130.7, 


4 pages, “Colloidal Graphite as a High 


Temperature Lubricant,” describing ap- 
plication to die-casting machines, 
glass-making machinery, and _ other 
high-temperature service. 


Metal Coating—Dearborn Chemical 
Co., New York, N. Y. Booklet, 84x11, 
16 pages, describing the use of NO- 
OX-ID as a rust preventive for use on 
railroad equipment. 


Motor Bases—The Rockwood Mfg. 
Co., 1801 English Ave., Indianapolis, 
Ind. Leaflet, ‘Standard Rockwood 
Bases,” with dimensions and data on 
selection of pivoted motor bases. 


Nameplates—L. F. Grammes & Sons, 
Inc., Allentown, Pa. Booklet, 84x11, 8 
pages, “Name Plates, the Finishing 
Touch to the Product,” illustrating 
ideas in nameplate design and listing 
various processes for the manufacture 
of nameplates. Also, an 8-page folder 
illustrating a variety of nameplates, 
metal specialties, dials and stampings. 


Phosphor Bronze and Nickel Silver 
—The Riverside Metal Co., Riverside, 
N. J. Folder, 4 pages, “Riverside 
Free-Cutting Phosphor Bronze and 
Nickel Silver,” giving characteristics 
of the metals and applications. 


Photo-Electric Cells — Herman A. 
DeVry, Inc., 1111 Center St., Chicago, 
Ill. Leaflet, 4 pages, “Characteristics of 
DeVry Photo-Electric Cells,” including 
charts and tables for various types of 
cells. 

Photo-Electric Equipment — G-M 
Laboratories, Inc., 1731-35 Belmont 
Ave., Chicago, Ill. Technical Booklet 
524, 50 pages, “G-M_ Photo-Electric 
Equipment.” <A collection of 12 cir- 
culars giving dimensions, performance 
data, characteristics and instructions 
for installation and operation of vari 
ous types of photo-electric devices 
Many illustrations, tables, diagrams, 
charts, and several pages on the ter 
minology used in light measurements 
are included. 


Pumps—DeLaval 
Co., Trenton, N. J. Reprint, 8 pages 
“Twenty Years Progress in Centri 
fugal Water Works Pumps.” Paper 
delivered before the American Water 
Works Association describing progress 
made in design of centrifugal pumps ir 
improving efficiency, increasing head 
and controlling noise and cavitation. 


Steam Turbine 


Pyrometers—The Foxboro Co., Fox 
boro, Mass. Bulletin 190, 11x83, 1¢ 
pages, “Foxboro Potentiometer Record 
ing Pyrometer,” describing and illus 
trating the constructional details of 
new design. 


Stainless Steel—Republic Steel Cor; 
Youngstown, Ohio. Booklet, 14 pags 
84xll, “Enduro Stainless Steel,” dé 
scribing various alloys and their a 
plication for architectural uses.  I1 
stallation methods are given in deta 


Speed Reducers — The Falk Cor; 
Milwaukee, Wis. Bulletin 270, 84x] 
20 pages, “Falk Motoreducers,” gis 
catalog information and design deta 
of speed reducers, integral and geare 
head type. Several pages of data 
the selection of equipment. 
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Nomogram for Circular Arcs 


(Angle of Bend, Length and Radius) 
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Nomogram for Circular Arcs 


(Chordal Height and Length of Arc) 
M. G. Van Voorhis 
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Turning line 


Example: 
2” At. on 50’ length 
1s same curvature as 
0.05"+ ht on length 


h, and h, = chordal height 
C, and C= length of arc 
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